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PROSPECTS FOR THE APPLICATION OF MINERAL 


ERTILIZERS IN THE USSR 


. V. TURCHIN, Scientific Institute for Fertilizers, Insecticides, and Fungicides 


Increasing crop yields is the main problem 
icing our agriculture. A successful solution 
spends to a very great extent on rational use 
f mineral fertilizers, which are the chief 
leans for increasing the fertility of the soil and 
ptaining, year after year, large yields in the 
reater part of the Soviet Union. 


Production and consumption of mineral 
srtilizers in our country has been steadily in- 
reased. Thus, in 1958 Soviet agriculture used 
90,000 metric tons of nitrogen, 823,000 metric 
ms of P,0, in soluble phosphates, 208,000 
etric tons of ground phosphorite, and 745,000 
etric tons of K,0. In terms of the standard 
rtificial fertilizers, this amounted to 10.6 
illion metric tons, as compared to 6.5 million 
etric tons in 1953. This means a 62% in- 
rease in the consumption of fertilizers in the 
SSR over a period of 5 years. 


In total production and consumption of mineral 
rtilizers, the Soviet Union has surpassed all 
festern European countries and is second only 
) the United States. However, because of the 
ige Size of the area in crops, the present level 
fertilizer production has permitted us to ap- 
y large amounts of mineral fertilizers only to 
ich important commercial crops as cotton, 
igar beets, tea, flax, etc., sharply increasing 
eir yields. Grains and other food and forage 
cops have received thus far very limited 
nounts of fertilizers, not sufficient to satisfy 
eir extremely great needs. 


The current seven-year plan, from 1959 to 
J65, heralds a new phase in the development of 
e Soviet chemical industry. During this period 
number of fertilizer factories will be built and 
rtilizer production will more than triple as 
ympared to 1958. By 1965 Soviet agriculture 
ill be consuming the following quantities of 
ineral fertilizers: about 2.1 million metric 
ns of nitrogen, 2.9 million metric tons of 
0, (including about 2.1 million metric tons of 
yluble phosphates and 0.8 million metric tons 

ground phosphorite, and 2.2 million metric 
ns of K,0. In terms of our standard artificial 
rtilizers, this will amount to about 31 million 
etric tons. Approximately 23 million metric 
ns of this total amount will be applied to grains 
id other food and forage crops. This fact will 
ay a very important role in raising the total 
rvest of grain, potatoes, vegetables and 
rage crops in our country. Since the applica- 
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tion of fertilizers promises to be most effective 
in the non-chernozem regions and in the adjac- 
ent forest-steppe regions not affected by 
droughts, this is where most of the fertilizers 
should be channeled. Best results would be ob- 
tained by applying all fertilizers. However, it 
should be remembered that these areas need 
nitrogen first of all. As a rule, when used 
without nitrogen, phosphorous and potassium 
fertilizers are relatively ineffective. The same 
areas have revealed a need for such micro- 
nutrient fertilizers as boron, cobalt, and molyb- 
denum. 


It has been demonstrated by scientific experi- 
ments and production records of the leading 
sovkhozes and kolkhozes that average yields per 
hectare equal to 30 centr of grain, 220-250 centr 
of potatoes, 350-400 cntr of corn silage and 
large harvests of other crops, could be obtained 
in the non-chernozem and humid forest-steppe 
regions, provided that they receive enough fer- 
tilizers and are cultivated properly. 


The Far East and Eastern Siberia constitute 
another major area where application of all 
kinds of mineral fertilizers promises big returns. 


In areas of thick and ordinary chernozem or 
chestnut soils, which do not have enough mois- 
ture, crop yields depend first of all on properly 
timed measures to accumulate and conserve 
soil moisture. This is true of most of the steppe 
and eastern forest-steppe regions. Application 
of nitrogen fertilizers here is usually not very 
effective. Best results can be obtained by using 
phosphorous fertilizers, particularly in the form 
of granulated regular or double superphosphate 
applied in small amounts (10 kg of P,0,) to the 
seed rows at the time of sowing. When super- 
phosphate is thus applied, the average yield in- 
crease amounts to 2 cntr per ha. This method 
of application of phosphorus stimulates plant de- 
velopment during the early phases of growth, 
helping them to withstand better the adverse ef- 
fects of drought. The current seven-year period 
will see this method of superphosphate applica- 
tion used over a large area of grain crops. 


Thus, in the near future the geographical 
distribution of mineral fertilizers in our country 
will be considerably changed. However, in spite 
of this sharp increase in the production of fer- 
tilizers between 1960 and 1965, they will still be 
in short supply. By 1965 the area in crops in the 
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regions not affected by droughts, will alone be 
at least 100 million ha. That means that about 
5,.5-6.0 million metric tons of nitrogen, 4.5 
million metric tons of P,0,, and 6.0 million 
metric tons of K,0 would be needed to satisfy 
the normal requirements for fertilizers of only 
the non-drought and the irrigated regions. 
Considerable additional amounts of fertilizers 
would be needed for the arid regions (phospho- 
rus), as well as for the natural meadows and 
pastures (potassium, nitrogen, phosphorus) in 
order to increase their productivity. More ac- 
curate estimates made by many scientific in- 
stitutions show that after 1965 the Soviet Union 
will need about 75 million metric tons of miner- 
al fertilizers to satisfy fully all agricultural re- 
quirements. This amount of fertilizers would 
be sufficient to assure a total yield of 240-250 
million metric tons of grain, 200 million met- 
ric tons of potatoes, 65 million metric tons of 
sugar beets, and 10 million metric tons of raw 
cotton. It would be sufficient to provide an 
adequate forage supply for a highly productive 
animal industry. 


During this seven-year period and the follow- 
ing decade (1965-1975) there will be not only an 
increase in the total production and consump- 
tion of mineral fertilizers, but also a major 
change in their variety. In addition to the cur- 
rently available ammonium nitrate, ammoni- 
um sulfate, and superphosphate, we will be 
mass producing new kinds of fertilizers. Thus, 
urea will be one of the major nitrogen fertiliz- 
ers. Urea is known as a"'solid" nitrogen fer- 
tilizer of the highest concentration. When 
granulated, it has better physical and chemical 
properties and serves better as a component of 
combined fertilizers than ammonium nitrate. 
Urea can be used as a base in making the nitro- 
gen fertilizers (products of combined condensa- 
tion and formaldehyde) which cannot be leached 
out by water and are, therefore, very much 
needed for very wet areas (Transcaucasus, 
western regions) and for the irrigated cotton- 
growing regions. 


The following liquid-nitrogen fertilizers 
will be produced in large quantities: liquid am - 
monia, ammonium water, ammonia solutions. 
Their application promises to be economically 
very advantageous for agriculture. In addition 
to liquid fertilizers containing nitrogen only, 
which are already being applied, there will be 
many complex liquid fertilizers containing am- 
monia, thermophosphoric acid, and potassium 
salts. 


Superphosphate will be the most important 
phosphorous fertilizer because it has a high de- 
gree of concentration, can be used for all soils 
and plants, and can be applied in various ways 
(general Relea ecye placement application in 
rows, etc.). Ammonium phosphates, am- 
mophos and diammonium phosphate, containing 
up to 60%-70% nutrients (N + P,0,) will be widely 
used. In addition to these two main phosphorous 
fertilizers, thermophosphates (defluorinated 
and fused magnesium phosphates) will also be 
produced. The quantity of phosphatic slags 
produced by metallurgical plants will be sharply 
increased. 
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Potassium sulfate will be a new potassium 
fertilizer. It will be produced in sufficient 
quantities to satisfy the needs of all crops 
sensitive to chlorides. 


Finally, the production of compound and 
mixed fertilizers, the need for which is con- 
stantly growing, will be greatly increased. The 
lack of such fertilizers, which contain various 
nutrients in needed proportions, makes neces- 
sary the laborious and wasteful operations of 
mixing fertilizers on the farm. According to 
production estimates, concentrated compound 
and mixed fertilizers should comprise not less 
than 40% of the total future production. 


The new fertilizers are only a part of the 
whole picture. At present research is being 
done with the ultimate objective of developing 
formulations which would combine the proper- 
ties of multiple nutrient fertilizers with those 
of insecticides, fungicides, and herbicides. 
Presumably these formulations would provide 
plants with all needed nutrients simultaneously, 
protect them against disease and pests, and the 
fields of weeds. 


Construction plans call for all new factories 
to be specialized primarily in the production of 
fertilizers with a high concentration of nutrients. 
This will considerably reduce transportation, 
storage and application of fertilizer. 


To provide for easier handling and better 
keeping qualities, the compound and mixed 
fertilizers of ammonium nitrate, urea, and 
water-soluble phosphates, will be marketed on- 
ly in the granular form. 


Such are the prospects for the production 
and application of mineral fertilizers in our 
country in the near future. The importance of 
chemistry in increasing the crop yields is con- 
stantly growing. In many western European 
countries overall agricultural production has 
doubled or tripled owing to the application of 
mineral fertilizers. The realization of the 
planned increase in the production of mineral 
fertilizers in the Soviet Union will not only re- 
sult in large crop yields, but will also sharply 
increase the productivity of labor in agriculture 
and lower the cost of production per unit area. 
According to the most conservative estimates, 
by 1965, when our fields will be receiving 31 
million metric tons of mineral fertilizers per 
annum, the total value of the agricultural pro- 
duction will reach at least 75 billion rubles. And 
this expected gain will be many times more than 
the extra cost of the additional amounts of fer- 
tilizers. The application of fertilizers will 
also improve the quality of the crop yields. For 
example, proper application of nitrogen fertiliz- 
ers could increase the protein content in wheat, 
rye, oats or corn 1 1/2—2 times. This would 
be very important to fill the growing protein 
needs of animal industry. 


Received February 15, 1960 


A MAP OF THE NATIVE SOIL-FORMING PARENT MATERIALS 
DF THE EUROPEAN PART OF THE USSR 


». N. CHIZHIKOV, Museum of Agriculture, Moscow State University 


The Map of the Soil-Forming Parent Ma- 
erials of the European Part of the USSR, ata 
cale of 125,000,000, is based on information 
leaned from geological, soil science, and geo- 
raphical publications together with data com- 
iled by the author himself during his expedi- 
ions and, in particular, his work at experiment 
tations. 


The map was produced at the Museum of 
\griculture, Moscow State University. The 
oundaries of the parent materials were first 
lotted at a scale of 1:2,500,000 and then con- 
erted to 1:5,000,000. The following data were 
sed: 1) individual district, region, and repub- 
ic maps of the soil-forming parent materials 
ompiled at different scales and published at 
ifferent times; 2) maps of Quarternary de- 
osits; 3) soil maps, particularly those that 
ontain data on soil-forming parent materials; 
) various data from published sources and 
ata on lithology from research reports on soil 
tudies at experiment stations. 


One might ask whether our map is different 
rom earlier maps showing Quarternary deposits 
nd, if so, how it differs. The main differences 
re two. First, our map shows primarily the 
ithology of particular importance for soil for- 
tation. Secondly, it depicts only the thin 
ayer of material located at the very surface. 


Earlier regional maps of soil-forming parent 
iaterials+ were based on the lithology of that 
art of the soil profile in which specific features 
f the parent material, especially color, begin 
) predominate. Thus, very often the term 
subsoil, '’ as used on these maps, refers, not 
) the unaltered rock, but only to the part of 
1e rock affected by the soil-forming process. 
ometimes lithology in the narrow sense only 
as mapped, i.e., only the texture of the de- 
osits was given with no indication of their 
enetic classification. Arkhangel'skiy's (1) 
1ap of Penza Province, for instance, is sucha 
1ap. But even the very oldest maps often con- 
in in their legends references to the genetic 
roups of the soil-forming parent materials. 
uring the post-Revolution period this has be- 
ome as mandatory as the indication of lithology. 


1 The first map was compiled by N. M. Sibirtsev for 
e former Nizhniy Novgorod Province. 
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This is the only correct approach to the map- 
ping of soil-forming parent materials, since the 
properties of the material, including the litho- 
logic composition, depends to a large extent on 
its origin. 


One of the first maps of this kind, was 
Tyurin's map of the Chuvash Republic (6). A 
map of Kalinin Region by Morozov (4), a map 
of Smolensk Region by Kuchinskiy (2) and maps 
of various other areas followed. Sobolev's (5 
map of the entire Ukraine may serve as an ex- 
ample of the most complete. It gives informa- 
tion on the genetic groups of the parent ma- 
terials, their lithology, and their age. On the 
other hand, maps of Quarternary deposits — 
both regional and composite —emphasize genetic 
groups and pay little attention to their lithology. 
The only exception is the first general map of 
the European Plain by Mirchink (3). The title 
itself, Outline Map of Surface Quarternary De- 
posits, shows that it indicates soil-forming 
parent materials. It was compiled from pub- 
lished materials and soil-research data avail- 
able at that time. It shows both genetic groups 
and lithology. Because of this, Mirchink's map, 
even though it did not cover the northern and the 
northwestern district, should be regarded as the 
first general map of the soil-forming parent ma- 
terials of the European Plain of the USSR. More 
recent general maps of Quarternary deposits 
have been made mostly on the basis of special 
studies of the deposits. 


In 1932, a 1:2,500,00 map, entitled Map of 
the Quarternary System Deposits of the Euro- 
ean USSR and the Adjacent Territory, was 
compiled by a large team of Quarternary 
geologists and edited by Yakovlev (7). A second 
improved and refined version at the same scale 
was published in a small number of copies in 
1950. This is a map, not of the ''surface" for- 
mations, but rather of the deep Quarternary 
geology, emphasizing genetic groups. The lithol- 
ogy on these maps, even though derived partly 
from Mirchink's map and soil studies, does not 
always correspond to the lithology of the for- 
mations at the surface. The latest map, edited 
by Yakovlev and published in 1956 (1:500,000), 
gives only genetic information (10). In his 
"Explanatory notes" to the 1932 map, Yakovlev 
7) pointed out that, as far as this map was con- 
cerned, the soil had been "'removed."’ Con- 
sequently, the removal also involved the sur- 
face geological formation—the parent materials 
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on which the soil developed, i.e., the principal 

feature shown on our map. The map was com- 

piled on the basis of observations of outcrops in 
ravines and river valleys. These data very of- 
ten do not give a correct picture of what lies at 

the surface on slopes, but rather they describe 

the Quarternary complex. 


We used maps of the Quarternary deposits as 
a basic guide in entering the genetic groups on 
the maps of the soil-forming parent materials. 
Of course the general outlines duplicated the 
map of Yakovlev to a large extent. We took the 
boundaries between the genetic groups in the 
little-investigated north, and also between the 
fluvioglacial and alluvial deposits, from the 
latest map of 1956. But in those cases in which 
we had available data from soil studies which 
did not coincide with the genetic designations of 
the map of Quarternary deposits, we gave pre- 
ference to the data. In solving the question of 
boundaries we gave principal weight to the lith- 
ology, since we are of the opinion that each 
group has its own characteristic lithology. 


The limits of glaciation plotted on our original 
map were also taken from the latest map of 
Yakovlev (10). These, of course, must not be 
considered as absolute boundaries showing the 
age of the surface as one of the factors of soil 
formation, since after the deposit of each glacia- 
tion and in the post-glacial period geological 
processes continued to act on the surface of these 
deposits. But these subsequent processes were 
expressed differently above and below the bound- 
ary of glaciation. 


Our map differs from maps of Quarternary 
deposits mainly in that it-shows the lithology of 
each genetic group. The map shows by symbols 
and individual contour lines the following types 
of textures: sandy, sandy loam, sandy clay loam, 
loess-like silty clay loam, fine clay loam, and 
clay. Texture is considered of great importance 
as the most important characteristic of the ma- 
terials giving rise to the soil and also toa 
greater or less extent indicating the origin of the 
parent material. Thus, subdivision of clay 
loams into sandy and silty types is important 
because this distinction is associated with the 
different origin of the materials. 


The texture was taken from the data of soil 
studies and from soil maps. Of the soil maps, 
those which gave information on the parent ma- 
terials were especially valuable. Among such 
maps are the soil map of White Russia and the 
individual 1:1,000,000 map sheets compiled by 
the Dokuchayev Soil Institute of the Academy of 
Sciences, USSR. What makes the textural data 
particularly reliable is the fact that they are de- 
rived from particle-size analyses over vast 
areas made by a single method. It should also 
be noted that the Kachinskiy modification of the 
pipette method used in this work was well suited 
for showing the differences among the genetic 
groups of the deposits. 


In addition to texture, our map, in contrast 
to maps of Quarternary deposits, show areas 
with two-component parent materials (for ex- 
ample, the upper layer to a depth of 50 cm con- 
sists of hydroglacial sandy loam altered by soil 
formation, and below this is morainic material 
partially affected by soil formation). The 


underlying morainic material or parent material 
was also entered in those cases when it lay at 
depths of more than two meters, since even at 
this depth it still had an effect on the processes 
of soil formation. 


In the south and southeast the map shows the 
salinity of the parent materials, their saliniza- 
tion with readily soluble salt being either weak 
or strong. 


The genetic groups of deposits are shown on 
our map somewhat differently than on a map of 
Quarternary deposits. The eluvia of the native 
rock was given first place in the legend, since 
this is the source of the Quarternary deposits. 
The eluvia are subdivided into eluvia of massive 
crystalline rocks (acid and basic), chloritic 
schists, sandstones, shales, limestones, and 
other carbonate rocks. Because of the scale 
used, it was sometimes difficult to indicate on 
our map the small outlines of individual types of 
eluvium so they were lumped together as 
"mixed materials.'' The eluvium of native rock 
is found mostly in the mountainous regions and 
only rarely covers large areas on the plain. 


Of course, not everything that we list as 
"“eluvium" should be regarded as local weather- 
ing products, since surface conditions in the 
mountains seldom favor their retention in situ. 
Thus, within the lines showing eluvium, there 
are marks showing the various petrographic 
compositions for other little-studied formations 
which also move down the slopes in various ways 
(screes, deluvia, etc.). Yakovlev's map, how- 
ever, Shows all eluvium in one color. 


Next our legend shows the eluvium -deluvium 
of the native rock. This indication on the map 
refers to combinations and complexes of eluvium 
and deluvium of native rock in the eastern half of 
the country which individually do not occupy much 
area and hence could not be entered on our map. 
In districts where the deluvium of the native rock 
occupies large areas (the eastern and southeast- 
ern half of the country), they are shown individ- 
ually. In deluvium areas, eluvium also is 
found in small elevated areas, but the areas oc- 
cupied are small and hence not shown on the map. 


Insofar as available data permitted, three 
very distinct types of morainic material were 
indicated. The most widespread is the Scan- 
dinavian moraine, which, on our map, because 
of the lack of sufficient information, is united 
with the Novaya Zemlya moraine and those of 
other glaciations and given a single color. The 
local carbonate morainic material, which has 
a pronounced influence on soil development in 
the north, is distinguished with a special 
lithological indication, as is the Karelian-Kola 
moraine, which has a coarse, gravelly, and 
largely sandy composition and is only slightly 
weathered. 


Fluvioglacial deposits are shown on the map 
as being sandy (''zandry" [outwash plains]) and 
sandy loam or clay loam. The clay loam de- 
posits include only sandy clay loams, while silty 
and loess-like clay loams are classified as 
"problematical" deposits, in contrast to Yakov- 
lev's maps. 


Lacustrine deposits (glacier water deposits) 
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P.N. CHIZHIKOV 


Map of the soil-forming parent materials of the European part of the USSR 


Eluvium native rock: 1 - massive crystalline rock; 2 - sandstone; 3 - of Limes 
stone and other carbonate rock; 4 - shale (Jurassic and others); 5 - of mixed ma- 


terials; 


6 - eluvium - deluvium of native rock; 7 - deluvium of native rock. 


Moraine: 8 - local Karelian-Kola; 9 - Scandinavian, Novaya - Zemlya, and others; 
10 - local carbonate; 11 - Fluvio-glacial deposits; 12 - alluvium (primarily 

ancient); 13 - lacustrine deposits; 14 - marine; 15 - eolian; problematical de- 
posits; 16 - loess and carbonate loess-like; 17 - noncarbonate loess-like; 18 - 


weakly carbonate loess-like; 19 - strongly carbonate loess-like; 20 - syrt 


clays. 
24 - silty clay loam. 


are found mostly within the limits of the Kalinin 
glaciation. Their textural make-up is quite 
varied and most often they are well sorted. They 
include sand, loess-like clay loam, and charac- 
teristic clay lenses. 


Alluvial deposits include recent and ancient 
alluvia. We could not follow the example of 
larger-scale maps and plot the recent alluvium 
separately, except in the valleys a few major 
rivers. 


Marine deposits in the north along the coast 
are mostly of sand and sandy loam. They ap- 
pear to have been redeposited and sorted by the 
wind. In the south, the deposits of the Caspian 
transgression are quite varied at the surface; 
in addition to sandy and sandy loam deposits, 
there are various clay loam deposits, including 
silty ones, and the so-called "chocolate clay" 
with its very characteristic features. 


The aeolian group is indicated on our map 
only by sands. They cover a large area in the™ 
region of the Caspian deposits-and to the east of 
the Caspian Sea. 


All of these deposits have been long recog- 
nized as genetic groups and their names have 
been adopted generally. Certain deposits situ- 
ated close to the surface, whose classification 
in one or another group has not been as yet 
established, occupy a special position. These 
include.the loess-like materials combined by us 
under the designation ''problematical deposits." 
They are distinguished basically by two very 
fundamental characteristics: texture and car- 
bonate content. Texturally they are distinguished 
by a low sand content and a high silt content — 
in one case coarse silt and in the other, fine 
silt. Further subdivision of these deposits is 
.based on carbonate content, which, with texture 
plays an important role in soil formation. 


Loess-like noncarbonate clay loams are 
found in the northern half of the country in the 
podzolic zone. They stretch, in a discontinuous 
band, from the southern boundary of the pod- 
zolic zone in White Russia toward the northeast, 
and then from Kirov Region to the Polar Urals 
and beyond the Urals. Our outlines of these 
clay loams also include those surface geological 
formations covered by clay loams. In our view, 
these are genetically related to the loess-like 
clay loams. Unlike Yakovlev's maps which 
combined these deposits with the fluvioglacial 
deposits, we consider it more correct to show 
them as "problematical." 


Further south, in the central part of the 
country, mostly in the forest-steppe and along 
the southern edge of the sod-podzolic zone, the 
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Texture: 2] - sandy materials; 22 - sandy loam; 23 - sandy clay loam; 


noncarbonate loess-like clay loams are re- 
placed by slightly carbonate clay loams. The 
carbonates in these clay loams are interrupted 
in places and are often found only in the upper 
part of the stratum. 


Still farther south, a huge area stretching 
from the western border of the country to the 
Don basin and the coasts of the southern seas is 
occupied by carbonate loess and carbonate loess- 
like fine clay loams. Like Morozov (4), we 
consider the classic loess to be a coarse-silt 
material. As was shown by Mirchink, it occurs 
in the western part of the country—in the 
Dnieper area. On the east and to the south of it 
fine loess-like clay loam and clays have de- 
veloped. The latter have carbonate contents 
similar to that of loess and for this reason some 
researchers classify them as such. 


Finally, in the extreme south along the coast, 
one finds strongly carbonate, chiefly fine loess- 
like clay loams. The soil on these materials 
effervesces from the surface; they are salinized 
to a greater or less extent with readily soluble 
salts. 


The attached 1:7,500,000 colored map which 
was originally executed in color, could not re- 
produce everything shown on the original (such 
as two-component composition, degree of 
salinization, etc.), since additional indications 
would make it illegible at this scale. 


Conclusions 


1. As the development of soil science con- 
tinues, we are becoming more aware of our in- 
sufficient knowledge of soil-forming parent ma- 
terials, the properties of which affect not only 
the soil-forming process, but also the produc- 
tivity of the soil. This map of the entire 
European USSR is the first attempt to eliminate 
this deficiency. 


2. This 1:5,000,000 map was based mainly 
on information appearing in geological, soil 
science, and geographical publications and on 
cule collected by the author during his field 
studies. 


3. This map differs from existing maps of 
Quarternary deposits in that, first, it empha- 
sizes lithology in addition to the genetic groups 
of the deposits, and, secondly, in that it shows 
the layer of material located at the very surface 
and affected by the soil-forming process. 


4, Our map outlines the textural groups 
separately and also subdivides some of the 
genetic groups according to petrographic make- 


MAP OF NATIVE SOIL-FORMING PARENT MATERIALS 


up. The original shows two-component parent 
material, salinization, and other features. The 
‘problematical’ materials, the loessic and sur- 
face clay loams, are distinguished from the 
other materials according to texture (their con- 
tent of silt particles) and are divided into five 
types according to carbonate content. 


do. This map is of general educational im- 
portance because it fills a gap in the treatment 
of parent materials in the soil science course. 
It also provides an example of methods used in 
compiling similar maps. In addition, the map 
may be of use in solving certain practical 
problems. 


Received June 12, 1959 
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CHERNOZEMS OF THE TRANS-ILI 


A. M. DURASOV, Kazakh State University 


The Trans-Ili Ala-Tau is a mountain range 
with a distinct vertical soil zonality anda wide 
chernozem belt. The soil of the range has been 
described by Krasnov (13), Bezsonov (2, 3, 4), 
Abolin (1), Pavlov (14), Glazovskaya (5, 6, 7), 
Sokolov (16,17), and Chulakov (18, 19), however, 
there is no published work especially devoted to 
its chernozem. 


The Trans-Ili Ala-Tau range belongs to the 
Tyan'-Shan' system. The total length of the 
range is about 180-200 km. The highest eleva- 
tions are concentrated in its central part. Its 
highest point, the Talgar Mountain, has an ab- 
solute elevation of 5017 m. The chernozem 
belt is located on the northern slopes of the 
range at an absolute elevation of 900-1500 m 
and occupies primarily the areas of the so- 
called "table-land."' The table-lands are lateral 
branches of the main range having the shape of 
rounded hills which gradually slope toward the 
north. These table-lands are one of the main 
reasons for the pronounced vertical soil zonali- 
ty. Because of them the surface rises more 
gently allowing for a more gradual change in 
natural conditions, such as climate and vegeta- 
tion. 


Unlike the Western Caucasus and especially 
the Alps which are under the influence of seas 
(with the result that individual soil zones, es- 
pecially steppe soil zones, are displaced, or 
lack, in the vertical series), the Trans-Ili Ala- 
Tau, which is far from the sea, is not subjected 
to such outside influences. Therefore the role 
of relief in soil formation comes to full develop- 
ment here. The following clearly pronounced 
soil zones, changing with absolute elevation, 
are found in the Trans-Ili Ala-Tau: sierozem, 
chestnut soils (with light-chestnut and dark- 
chestnut subzones), chernozem and forest- 
steppe, mountain-forest, and mountain-meadow 
zones. 


According to our calculations, the chernozem 
zone in the foothills covers about 300,000 ha, 
whereby approximately 30%-35% of this area is 
occupied by other soil groups, such as: gray 
forest soils under forests in the subzone of 
chernozem rich in humus; underdeveloped 
gravelly soils on steep slopes; and also alluvial 
soils covering alluvial zones. Chernozems oc- 
cupy the tops of the table-lands and their north- 
ern and eastern slopes. Underdeveloped 
gravelly soils are found on southern and western 


ALA-TAU 


slopes which are steeper than the northern and 
eastern slopes and where solid rocks crop out. 


The climate of the chernozem zone in the 
foothills of Trans-Ili Ala-Tau is sharply con- 
tinental. According to data of the Alma Ata 
meteorological station, the mean annual tempera- 
ture is 7.8 C, the mean temperature in January 
is -8.3°C, and in July is 23.0°C. Thus, the 
mean amplitude of temperature variations is 
31.3°C, which is indicative of continental cli- 
mate. The foothills of the Trans-Ili Ala-Tau 
are subject to late spring and early autumn 
frosts which shorten the growing period. The 
mean annual amount of precipitation is 561 mm. 
There is a very pronounced spring precipitation 
maximum amounting to 42.1% of total precipita- 
tion. 


The soil-forming parent material here is 
loess, underlain at a depth of several tens of 
meters by tertiary clay, or even by older solid 
materials. 


Vegetation consists of grasses and mixed 
herbage. Herbaceous vegetation is dense and 
reaches a height of 0.5 m and more. As has 
been pointed out by Krasnov (13), the species 
composition of vegetation here is almost identi- 
cal to that in the chernozem zone of the Russian 
plain. Pavlov (14) also notes that at least 80% 
of all plant species represented here are also 
found in the Russian Plain. 


In the upper part of the chernozem zone small 
birch and aspen stands alternate with open areas. 
This part of the chernozem belt is an unusual 
mountain forest-steppe. A large part of the 
natural herb vegetation in the chernozem belt of 
the foothills of the Trans-Ili Ala-Tau has been 
destroyed by plowing. 


All three subzones are found in the cherno- 
zem zone of the Trans-Ili Ala-Tau: slightly 
humic, moderately humic, and very humic 
chernozems. Those subzones alternate with 
each other with the increase in absolute elevatior 
the very humic chernozems occupy the forest- 
steppe in the highest part of the chernozem belt. 


Leached chernozems predominate in the sub- 
zone of very humic chernozem. This is due to 
the fact that this subzone is located in a more 
humid climate than the other subzones. Typical 
chernozems predominate in the subzone of 
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moderately humic chernozem. In addition, there 
are some leached chernozems here, but they are 
less-common than inthe subzone with very humic 
chernozem. In both subzones leached cherno- 
zems are mostly found on northern slopes where 
the microclimate is more humid. Typicaland 
carbonate chernozems predominate inthe sub- 
zone with slightly humic chernozem. Thereare 
almost no leached chernozems inthis zone because 
of the drier climate. There is no solonetzic cher- 
nozem in the foothills of the Trans- Ili Ala-Tau, 
which can be explained by sufficient moisture, the 
dissection of the surface andthe good natural drain- 
age associated with it, as wellas by the absence 

of salt-bearing soil materials. Because of these 
Same reasons there are no solonchaks, solonetzes, 
or solods inthe Trans-TIli Ala-Tau chernozem 
zone. Allthe previously-described chernozems 
are fine clay loam and clay loam. 


The subzone with very humic chernozem is 
located at an absolute elevation of 1,200-1,500 
m and is 10-15 km wide. According to our 
calculations, it occupies 48.7% of the entire 
chernozem zone of the Trans-Ili Ala-Tau foot- 
hills. Typical chernozems occupy 37% and 
leached chernozems, 63% of the subzone of 
very humic chernozem. 


According to our mean arithmetic data, the 
average thickness of the A horizon of very humic, 
typical chernozems is 33 cm and that of very 
humic leached chernozems, 38 cm. The aver- 
age thickness of the A +B, horizon is 57 cm and 
63 cm, and of the A +B horizon, 96 cm and 102 
cm, respectively. 


Thus, the very humic leached chernozems 
have a thicker A horizon and, in general, a 
better developed profile, since because of 
leaching, the soil formation process embraces 
the deeper horizons. 


The mean depth of effervescence is 54 cm in 
the very humic, typical chernozems and 96 cm 
in the very humic, leached chernozems. As we 
can see, the very humic leached chernozems ef- 
fervesce at a much greater depth. 


The characteristic morphological features of 
very humic chernozems are the intensely black 
coloration of the A horizon (owing to the con- 
siderable amount of humus), a pronounced fine- 
sranular structure, and the very gradual transi- 
rion from one horizon to another. 


The Trans-lli Ala-Tau chernozem is charac- 
terized by the absence. of humus tongues and in- 
trusions in the transition horizons. The intensi- 
ty of the color decreases very gradually with 
Jepth. This is typical not only of very humic 
chernozem, but of all the chernozems examined. 
Leached chernozems differ from typical cherno- 
zems not only by the depth of effervescence, but 
also by their characteristic morphological fea- 
‘ures: brownness and compaction of the lower 
oart of the A horizon and of the entire B horizon, 
he coarser structure of this horizon, and an 
2vyen more gradual transition from one horizon 
oO another. 


The moderately humic chernozem subzone is 
located at an absolute elevation of 1000-1200 m 
and reaches a width of 5-6 km. It occupies 
rbout 23.3% of the entire chernozem zone. 


Typical and leached chernozems are found in 
this subzone, as in the very humic chernozem 
subzone. The first occupy 72% and the latter, 
28% of this subzone. The average thickness of 
the A horizon here is 32 cm for the typical and 
33 cm for the leached chernozems. The average 
thickness of the A + B, horizon is 58 cm and 60 
cm, and that of the A + B horizon 93 cm and 106 
cm, respectively, 


The depth of effervescence averages 59 cm 
for the typical and 93 cm for the leached cherno- 
zems, 


Thus, the moderately humic leached cherno- 
zems, as the very humic leached chernozems, 
have somewhat thicker genetic horizons. These 
chernozems are generally distinguished from 
typical moderately humic chernozems by the 
same features as very humic leached cherno- 
zems, 


The slightly humic chernozems are located 
at an absolute elevation of 900-1000 m and oc- 
cupy 28% of the entire chernozem zone in the 
foothills of Trans-MTlli Ala-Tau. Of this, 79% is 
occupied by typical and 21% by carbonate cher- 
nozems, The average thickness of the A hori- 
zon is 31 cm in the slightly humic typical and 
30 cm in the slightly humic carbonate cherno- 
zems, The average thickness of the A+ B, 
horizon is 54 cm and 50 cm, and that of the A 
+ B horizon 82 cm and 81cm, respectively. The 
slightly humic typical chernozems effervesce 
from an average depth of 38 cm, while the car- 
bonate counterpart effervesce from the surface, 


Thus slightly humic chernozems have some- 
what thinner genetic horizons than moderately 
humic and, especially, very humic chernozems. 
This is most noticeable in the A + B horizon. In 
general, however, as may be seen from our 
data, moderately thick chernozems predominate 
among chernozems of the foothills of the Trans- 
fli Ala-Tau. 


It must be noted that the separation of car- 
bonates in the form of pseudo-mycelium is 
typical of all chernozems of the Trans-TIli Ala- 
Tau. The separation of carbonates in the form 
of white specks, which is characteristic for the 
majority of chernozems in other regions, is 
completely absent here. 


Let us examine the physicochemical charac- 
teristics of Trans-Tli Ala-Tau chernozem as 
given in Tables 1, 2 and 3. Table 1 shows the 
differences between the humus content of very 
humic, moderately humic, and slightly humic 
chernozems. Almost all profiles in Table 1 
show a peculiar phenomenon consisting in the 
sharp decrease in the humus content between the 
A and B, horizons. This decrease is especially 
conspicuous in Profile 1 (very humic typical cher- 
nozem), Profiles 4 and 18 (very humic leached 
chernozem), Profile 12 (moderately humic 
leached chernozem), and other profiles. 

This phenomenon must be considered typical for 
Trans-Ali Ala-Tau chernozem, It is not found 
in the chernozems of the Cis-Caucasia and the 
Russian Plain. After this abrupt decrease, the 
decrease of humus with depth occurs more 
gradually. 


We are inclined to agree fully with Glazov- 


A.M. DURASOV 
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Table 2 


Group composition of humus in very humic chernozem in the foothills of Trans-Ili Ala-Tau 


Carbon 
Profile 


No. Depth, cm 


Humic 
acids 


0—15 
20—30 
45—99 
80—90 


Composition of humus, % 


of total carbon C of humic acid 


Insoluble 
residue 


Fulvic 
acids 


C of fulvic acid 


395.29 
27,37 
36,96 
30,40 


eh 
20,33 
26,06 
37,30 


Note: Comma represents decimal point. 


skaya (6) who writes, in explaining the abrupt 
decrease in humus content between the A and B, 
horizons, that: 


"The increased humic content in the upper 
horizons is probably associated with the climat- 
ic conditions in foothills. The soils of foothills 
receive much greater amounts of precipitation 
than the corresponding soils in plains. (The 
total amount of precipitation received by 
sierozems, chestnut soils and chernozems in 
the foothills is 1,5-2.0 times more than that re- 
ceived by corresponding soils in the plains), The 
seasonal distribution of precipitation is very un- 
even: most of it falls during winter and es- 
pecially spring. The great amount of precipita- 
tion in spring causes a lush development of the 
vegetation. Even the foothill wormwood steppe 
on sierozem. is densely covered with ephemeral 
and looks at this time like a colorful flowering 
meadow. As soon as summer sets in, the 
amount of precipitation decreases sharply. Pro- 
longed dry spells occur, the vegetation dries 
up, and its excess residues find their way into 
the soil, During the dry period the complete 
mineralization of the organic matter is inhibited 
and it accumulates in the upper soil horizons. 
The leaching of the decay products into the 
deeper layers is also hindered because of the 
dryness of this period." 


The group composition of humus in cherno- 
zems of the Trans-Ili Ala-Tau foothills is, as 
Table 2 shows, typical for all soils of the cher- 
nozem group. Except for the lowermost hori- 
zon, all other horizons show a prevalence of 
humic acids over the fulvic acids (the ratio of 
the C of humic acid to be C of fulvic acid 
reaches 2.6). We should note that these data are 
close to those obtained by Kononova (12) for the 
chernozems of the Russian Plain, but differ 
somewhat from Yemel'yanov's (11) data and our 
own (10) data for the chernozems of Northern 
Kazakhstan; group humus composition of the 
latter is characterized by a larger content of 
nonsoluble residue (humins). The humus of 
Trans-Ili Ala-Tau chernozems contains con- 
siderably less humin than the chernozems of 
Northern Kazakhstan because they form in more 
humid climatic conditions, under which humus 
retains its ability to be preserved, 


The total nitrogen content in these soils is 


closely related to their humus content; it is 
highest in very humic chernozems and lowest in 
slightly humic chernozem, 


It must be emphasized that all chernozems of 
the Trans-Tli Ala-Tau foothills contain more 
total nitrogen than the corresponding chernozem 
subgroups and varieties of the Russian Plain and 
Western Siberia, so that the ratio between car- 
bon and total nitrogen content in them is much 
narrower than in the chernozems of other 
provinces, as can be seen from Table 3 and 
data published by us earlier (9). This ratio is 
narrowest in slightly humic chernozems, Table 
3 also shows that the Trans-Ili Ala-Tau cherno- 
zems contain, on the average, more total phos- 
phorus than the West Siberian chernozems, This 
is especially characteristic of very humic cher- 
nozems; less humic chernozems contain less 
total phosphorus, in general, than the more 
humic chernozems, 


The deeper horizons of both the typical and 
leached chernozems contain a considerable 
amount of carbon dioxide (up to 13%-14%), 
whereby the horizon where carbonates accumulat 
is considerably deeper in the leached than the 
typical chernozems, Carbonate chernozems 
(Profile 52) contain carbonates throughout the 
entire profile and their content gradually in- 
creases with depth, 


The results of pH determinations show a 
neutral, or very weak alkaline reaction for soil 
solutions of the upper horizons of typical cher- 
nozems and a weak acid reaction for the same 
horizons of leached chernozems. In both cases 
the pH increased with depth and the soil solution 
of the carbonate horizons of both typical and 
leached chernozems has a distinctly alkaline 
reaction. 


The chernozems described are fine-textured, 
as evidenced by the considerable amount of 
<0.001 mm diameter particles (Table 1). Only 
the chernozems, characterized by Profile No. 
11, are somewhat coarser in texture than the 
others. The texture of typical chernozems 
changes little along the profile; the intermediate 
horizons of leached chernozems, however, have 
generally a finer texture than the upper horizons 
because clay particles migrated into them. As 
far as the lowermost horizons of all chernozem: 
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Table 3 


Ratio of carbon to total nitrogen and the total phosphorous content in the 
chernozems of the Trans-Ili Ala-Tau foothills 


Chernozem 


Very humic 
Moderately humic 
Slightly humic 


Arithmetical mean 


Humus | Carbon | Nitrogen 


Note: Comma represents decimal point. 


re concerned, they are more finely textured 
han the upper and intermediate horizons; in 
articular they generally contain a lesser 
mount of clay particles. 


The results of analysis of the water extract 
Table 1) confirmed that these chernozems are 
ot saline and solonetzic. The solid residue is 
mall; total alkalinity is insignificant, whereby 
sached chernozems contain less solid residue 
aan typical chernozems and are less alkaline. 
‘he alkalinity of carbonate chernozems is 
lightly higher than that of other chernozems. 


Table 1 shows that the sum of exchangeable 
ations varies depending on the humus content. 
‘he most humic chernozems have the highest 
um of exchangeable cations. The adsorption 
omplex of the chernozems described (that of 
ll chernozems in general) is saturated with 
alcium and contains a comparatively small 
mount of exchangeable magnesium, the per 
entage of which sometimes increases some- 
hat with depth. There is little adsorbed sodi- 
m. Only in the slightly humic carbonate cher- 
ozem, shown by Profile No. 62, contains a 
mall amount of exchangeable sodium, which, 
owever, is not sufficient to consider this cher- 
9zem as being solonetzic. The absence of ex- 
nangeable sodium in the chernozems described 
orroborates our earlier conclusion that there 
re no solonetzic chernozems in the foothills of 
le Trans-Ili Ala-Tau. 


It should be noted that according to Glazov- 
saya's data (16), the very humic leached cher- 
»zems in the Trans-Ili Ala-Tau foothills con- 
ins very little adsorbed hydrogen. 


The sum of sesquioxides indicate that they 
ove along the profile of leached chernozems 
id accumulate at a certain depth in intermedi- 
e horizons. Sesquioxides are distributed more 
yenly in typical chernozems, and even if they 
ove slightly (Profile No. 1, for instance), this 
ovement is less significant than in leached 
1ernozems. 


The movement and accumulation of sesqui- 
cides at a certain depthare very characteristic 
leached chernozems and point together with 
her factors examined earlier, to the leaching 

-ocess. As Table 1 shows, the horizons 
nere sesquioxides accumulate most are the 


more finely textured. 


As a result of the studies of the morphological 
features and physicochemical properties of the 
chernozems of the Trans-Ili Ala-Tau foothills it 
may be concluded that these chernozems have a 
number of features and properties common with 
chernozems of the Russian Plain. This fact 
permitted Krasnov (13) to state that ''the Trans-. 
fli Ala-Tau foothill chernozems do not essential- 
ly differ from the good Simbirsk chernozem." 
However, they possess at the same time a num- 
ber of special features the major of which, ac- 
cording to the foregoing data, are: the absence 
of distinct humus tongues and intrusions in the 
intermediate horizons, the separation of car- 
bonates exclusively in the form of pseudo- 
mycelium, sharp changes in the humus content 
between the A and B, horizons, and a much 
narrower ratio between carbon and total nitro- 
gen content. 


A significant difference between the cherno- 
zem zone of the Trans-Ili Ala-Tau foothills and 
any other chernozem region of the USSR con- 
sists in the complete absence of solonetzic vari- 
eties, as well as solonchaks, solonetzes, and 
solods among local chernozems. The soil is 
homogeneous here within any chernozem sub- 
zone, if we disregard the occurrence of under- 
developed stony soils on steep slopes. 


The insignificant occurrence of shallow cher- 
nozems is conspicuous and attributable to the 
richness of vegetation which protects the soil 
from erosion even on steeper slopes. Water 
erosion affects first of all the steep southern 
and western slopes. Because of their steepness 
and associated erosion, there is practically no 
chernozem on these slopes. Erosion on other 
relief elements occurs primarily as a result of 
the plowing of chernozems. 


The chernozems of the Trans-Ili Ala-Tau 
foothills are fertile soils because of the satura- 
tion of their adsorption complex with calcium 
which insures the formation of a stable structure 
and a sufficient supply of nutrients. However, 
these chernozems occur under less favorable 
climatic conditions than chernozem of certain 
other regions, especially in the Cis-Caucasus. 
Maximum precipitation in spring, late spring 
and early autumn frosts, and intense evaporation 
associated with hot summers andthe low pressure 
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characteristics of mountain regions, worsen the 
climatic conditions and thus negatively affect the 
natural fertility of local chernozems. The un- 
even surface of the table-lands on which the de- 
scribed chernozems are located make their 
agricultural utilization difficult. In addition, it 
promotes water erosion, which, as was stated 
earlier, intensifies with plowing. 


Nevertheless, the chernozems of the Trans- 
Ili Ala-Tau have a great economic importance. 
They are suitable for the most various crops, 
including heat-loving crops. Field crops, or- 
chards and vegetables can be further developed 
here. 


The productivity of the chernozems in the 
foothills of the Trans-Ili Ala-Tau could be in- 
creased by sowing perennial grasses, the high 
yield of which would be assured from the moist 
climate, and by taking all the measures neces- 
sary to conserve soil moisture. Special atten- 
tion should be paid to forest belts as an ef- 
fective means of controlling water erosion. The 
present irrigation practices in certain areas re- 
quire the determination of optimum irrigation 
rates and the regulation of runoff from irrigation, 
since haphazard irrigation intensifies erosion. 


It may be concluded from the foregoing that 
the outlook for the further development of agri- 
culture in the chernozem zone of the Trans-Ili 
Ala-Tau is very promising. 


Received July 22, 1959 
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ATURAL SOIL RADIOACTIVITY AND DETERMINATION OF 
OTAL POTASSIUM BY A RADIOMETRIC METHOD 


#. A. ANDREYEVA, V.V. Dokuchayev Soil Science Institute, Academy of Sciences, USSR 


The radioactive series of uranium, thorium, 
d actinium, as well as rubidium, potassium, 
rbon and certain other elements are the na- 
ral radioactive elements of the soil, Accord- 
¢ to the data of Vinogradov, Baranov and 
seytlin, Burkser, and others (1, 2, 3, 4, 6, 15), 
ils formed on different rocks sharply differ 
om each other in their radioactivity. Soils 
| igneous rocks are more radioactive than 
ils on sedimentary rocks, Among the igne- 
s rocks those that are acid (for instance, 
anites) are more radioactive than basic 
cks. 


Uranium is one of the common radioactive 
il elements (its mean content is 1 x 10-74%). 
3 content in a soil profile usually increases 
ward the parent material. Vinogradov (3) be- 
ves that uranium is very mobile ina soil 
lution and forms readily soluble complex com- 
unds which are leached from the soil. The 
moval of uranium is most intense in the upper 
rizons of podzolic and forest soils and in red 
rths. These soils contain considerably less 
anium than is contained on the average in 
e earth's crust. 


By contrast to uranium, thorium (its mean 
ntent in the soil is 6 x 10-4%) has a tendency 
accumulate in soil horizons rather than in 

2 parent material. The relative accumulation 
thorium in the upper soil horizons is related 
the fact that the thorium-bearing minerals 
thorite and thorionite — do not weather easily. 


The mean content of radium in the soil is 

x 10-11%, which is slightly less than in rocks, 
;a rule, the upper horizons of a soil profile 
ve the highest radium content. 


The mean potassium content in the earth's 
ust is 2.6%, and its radioactive isotope K*° 
10unts to 0.0119% of the natural mixture of iso- 
es. Rubidium (whose mean content in the 
rth's crust is rather high at 0.03%) is natural- 
radioactive because of the Rb®” with soft B- 
ys. The radioactivity of actinium and cer- 

n other elements may be neglected in the 

‘st approximation, because of the rarity of 

2se elements. 


After a number of determinations of the 
dioactivity of soils in a B-type assembly with 
[-25-BFD face counter, as well as an AS-2 
iminum counter and an AMM-4 glass counter, 
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we decided to use the aluminum counter. De- 
terminations were made in a layer of soil 
thicker than the maximum absorption layer, 
since measurements on thin layers give low 
counting rates and, in addition, require the 
use of a correction factor for self-absorp- 
tion. The determinations were made in a cy- 
lindrical carton 11.4 cm high, consisting of 
two cylinders: the outer, 5.3 cm in diameter 
and the inner, 2,1 cm in diameter. The outer 
cylinder with soil put through a sieve with 1 
mm opening (about 270 gm, which is 3.6 gm 
per square centimeter of the inner cylinder), 
The soil in the cylinder was compacted by 
light tapping. The aluminum counter was 
placed into the inner cylinder made of What- 
man paper. The determinations were made in 
a lead enclosed box; the duration of the measure- 
ments was not less than 30 minutes, whereby 
the mean square root counting error did not ex- 
ceed 5%. Background radioactivity was 32-35 
counts/minute. In this manner, soil radio- 
activity caused primarily by the B-radiation of 
potassium, uranium, and thorium was taken 
into account. 


In order to show how these three elements 
affect soil radioactivity under measurement 
conditions similar to ours, we give the follow- 
ing data (15): 


With 1% of K,O, 25 counts/minute are recrd, 
With 0.0006% of ih. 5 " " '! " 
With0.0001% 0f U,, 4" Poo 


Table 1 contains data on the radioactivity of 
a number of sod-podzolic soils, expressed in 
counts per minute, obtained by us under experi- 
mental conditions. For comparison it also 
gives data on the radioactivity of individual 
samples of: chernozems, red earths, siero- 
zem and brown forest soil. 


With a uranium content of 1 x 10°-&% in sod- 
podzolic sandy loam (as determined at the 
Geological Institute), the number of counts 
should not be more than one per minute. In 
this case the other 18 counts are caused by 
thorium, the content of which in this soil is 
fairly high, reaching 2 x 10-%%. 


Let us consider increased radioactivity in 
the podzolic and transitional horizons in the 
profile of soil from Krasnoyarsk Kray. 


YE.A. ANDREYEVA 
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An important role in the radioactivity of soils 
is apparently played by the radioactivity of the 
parent material. Therefore, it is hard to agree 
with the statement of Yastrebov (11), based on 
the analysis of only one sample from each soil 
zone, that soil radioactivity is increasing in 
the European USSR from the north to the south. 
In our investigations chernozem from Kursk, 
greatly leached chernozem from the Cis-Cau- 
casus and red earth from Anaseuli had a simi- 
lar radioactivity of 55-59 counts/minute. But 
their radioactivity was lower than that of the 
soils from the Dolgoprud experimental station 
and from Stepanovskoye sovkhoz, located in 
a more northern zone. 


The high radioactivity of clay from the Mos- 
kva River flood plain (Gor'kiy kolkhoz) amount- 
ing to 104 counts/minute is quite conspicuous. 
With a relatively low potassium content (1.23%) 
in this clay, other radioactive elements account 
for 67 counts/minute, that is, slightly higher 
than in sod-podzolic soils. This is possibly 
associated with the higher adsorption capacity 
of clay with respect to uranium and thorium. 


Radioactivity of the soils investigated by 
us varies from 28-83 counts/minute. The ratio 
between the counts caused by uranium and 
thorium also varied in various soils as well 
as within the profile of one and the same soil, 
In 15 out of 25 cases potassium accounted for 
more counts than uranium and thorium (the 
difference ranged from 5 to 42 counts/minute); 
in five cases the number of counts was distrib- 
uted evenly between K and U + Th; and, finally, 
in five cases U + Th accounted for more counts 
than K*, Thus, when determining total soil 
radioactivity, it is impossible to tell by what 
specific element it is caused, But knowing 
the content and activity of soil potassium, it 
is possible to estimate the amount of U + Th in 
a soil from the radioactivity of the soil. 


To provide a better idea of the quantitative 
radioactivity of the soils studied, Table 1 also 
gives the measured radioactivity converted to 
1 cm? fluctuates between 0.4-1.1 counts/ minute, 
When a face counter is used, which also records 
the softer B-rays, the number of counts per 1 
cm? of soil surface is two times greater than 
when an aluminum counter is used. It may con- 
ditionally be assumed that the radioactivity of 
about 1-2 counts/minute per 1 cm? of soil sur- 
face (not counting a-particles and y-rays) is 
precisely that activity which affects the roots 
of plants. When the total surface of the roots, 
for example, those of spring wheat, is 3-5 m2, 
irradiation by B-particles of the root system of 
a rates plant would be 60-100 thousand counts/ 
minute, 


Determination of the Total Potassium 
Content by a Radiometric Method 


The possibility of determining potassium 
radiometrically is based on the fact that potas- 
sium in soil, in various salts, in rocks, etc., 
has a constant isotopic composition. Potas- 
sium in natural and chemical compounds con- 
sists of the K%9 (93.08% in the isotopic composi- 
tion), K4° (0.0119%), and K4! (6.91%) isotopes. 
The half-life of the K*# isotope is T = 1.25 x 
10° years, 
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An attempt to determine radiometrically the 
content of potassium in its salts had already 
been made in 1941, Since then considerable 
progress has been made in the radiometric 
determination of potassium. The maximum 
adsorption layer for potassium salts has been 
found (13, 14) to be 0.6 g/cm? when converted 
to B-rays. A direct relationship has been es- 
tablished between the potassium content in the 
salt and the counting rate under the same con- 
ditions, A number of works (7, 8, 9, 10, 12, 16) 
describe ways of determining by this method 
the percentage of potassium contained not only 
in pure, but also in raw potassium salts, in 
industry and mines. 


During our initial work on the radiometric 
determination of potassium in the soil we were 
faced with the problem that our AS-2 type 
counter was recording not only K* but also 
other radioactive elements contained in the soil. 
The number of counts from U + Th varies in 
different soils. In order to distinguish the 
counts from K® and to uranium with thorium 
in the soils studied, the following method of 
determining potassium in the soil was worked 
out: a cylindrical shield of brass foil, 0.15 
mm thick, was used, which preferentially 
screens radiation from potassium and toa 
lesser degree that from U+ Th, because of 
the different energy of B-radiation from potas- 
sium and U+ Th. This allows one to measure 
individually the radioactivity of potassium and 
that of U + Th. 


Using potassium chloride, consisting of a 
mixture of NaCland KC1 (11.2% of K), for cali- 
bration, we established that when the shield was 
used only 19.4% of the counts, measured under 
the same conditions but without the shield, was 
counted, A similar measurement (with and 
without the shield) of a mixture of NaCl with 
acetic uranyl (0.0082% of uranium) 35.8% was 
obtained for uranium. The B-rays of U and Th 
au approximately the same penetration ability 
ie 


By using these coefficients (19.4% and 35.8%) 
and measuring radioactivity with and without the 
screen, two equations with two unknowns may 
be obtained for each soil. For example, for 
soil from Lyuberetsk: 


without the 


shield: 28.2 counts/minute = K + U (Th) 
with the 
shield: 8.2 counts/minute = 0.194 K + 0.358 


U (Th), 


where K + U (Th) is the number of counts per 
minute caused by K and (U + Th). 


After finding from these equations the num- 
ber of counts per minute caused by potassium 
we determine the total potassium content in the 
soil from the standard straight line. In plotting 
the standard straight line we use the method of 
additions, Different amounts of pulverized, 
chemically pure KCl were added to a soil poor 
in total potassium, the largest addition not 
exceeding 3% of potassium by soil weight (the 
maximum potassium content in natural soil). 
After thorough mixing, each soil sample was 
placed in the cylindrical container described 
previously and its activity was measured in 
counts per minute as an average of 30 minutes 
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measurements, The data were then plotted 
a graph with the number of counts per min- 
> on the ordinate and the percentage of potas- 
1m (including addition) in the soil on the ab- 
issa (Fig. 1). 


As may be seen on Figure 1, the straight 

e drawn through the experimental points cut 
the section A-B on the ordinate, showing the 
mber of counts per minute caused by uranium 
1 thorium in the given soil. To determine 
‘assium in any other soil from this graph, 

» number of counts per minute from potas- 
im must first be found from the foregoing 
yation and then the percentage of potassium 
rresponding to this number of counts per 

nute can be found from the graph, For ex- 
ple, in the thick chernozem from the Kursk 
sion, 33.6 counts/minute were from potas- 
im. By finding this value on the right hand 
scale of counts per minute (see Figure 1) we 
ain 1.12% as the amount of potassium in this 


Sod-podzolic, chernozem, brown forest 

l and sierozem were used for comparative 
erminations of potassium by the proposed 
liometric method and by a chemical method. 
ble 2 gives the data obtained from these 
nparative determinations. The chemical 
ermination of potassium was made by first 
ating the soil with hydrofluoric acid and 

n by determining potassium in a flame 
tometer. 


For six out of ten soil samples (Table 2) the 
sults obtained radiometrically were higher 
0.08%-0.24% and for four others lower by 

1% -0.11% than those obtained by chemical 
lysis. 


The results of M. Gurskiy's study show a 
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0.01% -0.45% deviation in the amount of total 
potassium determined radiometrically from 
that determined chemically. However, during 
this study no correction factor was used for 
uranium and thorium in eachindividual soil 
sample. The deviations of the results of 

the radiometric method from those of the 
chemical method are due to the inaccurate de- 
termination of the adsorption coefficients for 
potassium and uranium, Since the accuracy 
in determining radioactivity depends on the 
number of counts, the use of a shield consider- 
ably increases the error. In our experiments 
measurements with the shield lasted not less 
than an hour and still the error amounted to 
4%-12%. Lowering background radiation and 
increasing of the number of counts for a sam- 
ple should increase the accuracy of the deter- 
mination. The accuracy of the method could 
probably be also increased by selecting a 
more appropriate shield, 


It is quite possible that in the future, when 
dealing with the plowed horizon of soils be- 
longing to the same group and having the same 
texture, the amount of U + Th could be as- 
sumed as being the same. Then knowing the 
number of counts per minute from U (Th) in 
one sample, all other samples could be mea- 
sured without shield. Kovalevskiy (7) has 
suggested that the ratio between the radio- 
activity of a sample produced by B-rays and 
a-rays should be used for radiometrically 
determining potassium in minerals containing 
uranium and thorium. It is possible that this 
method could also be used for soils. 


Since all chemical methods of determining 
total potassium in the soil are very laborious 
and time-consuming, the radiometric method 
has a lot to offer. It is a simple, rapid and 
accurate method (in the sense that it involves 


YE.A. ANDREYEVA 


*julod |ewloop sjueseides ewwoy) :270N 


*SSOUBATJIAJJO JWOTOTIp JO 19jUNOD & YIM parnsevaw seM APATJOVOTPeI SPT eSNBdEq pesn 
eB WazOIaIs IOy {([ “SIq) aAIND parepuejis oy} WOT peye[notes sem wintssejod SeTdwies [10S VAT SAT 94} JOY ‘SYIeUIY 


r'8 10‘ 04094 EL} Oh 9't+ 01t—001 
9'0 10'0— CO'OFYL'T GLY TEED LI G‘TES‘99 0&—02 
8'% SO‘O+r 90'OTSL'T 081 6 0F9‘ LI 6‘ 10‘ 69 0@—0F "yeqeu 
Z9 o— €0°O+9L'T Go‘T G PEL‘ LY ¥'T+9‘ 19 0'—0 -eiln ‘addeig efeupojoy ‘wiazo.reTs 
an] 40/0 £0'0+99'T 6ST 6 O+1'% Oe at €6—€8 
0% ¥0'0— 20‘0-F¥0‘ 00°% OVC‘ ST O cre Ly =O) uUISeq JOATY INUIy °*jSat0J UMOIG 
- ee *yared Teuotyeu ysany 
0 GI Gb OT 60‘0-F00' I ip 2 b+G ‘ey 8‘ T+4'8c iy *adda}s MOpvaUl JO UlazZOUTEYO YOrU,L 
DGG 76 On 10‘0F¥6‘0 8t‘t 6‘OFL‘9T yb+9'%9 a, ‘ule[d poolj JaATY VYO “TRIANTII-pos 
*u0T}e}S 
- ; vod = Tequewtsedxe pnadosjoq ‘*weoy 
GEL ov O+ 00°0+99'] SLT 9‘TF2‘9F 8°1+s‘69 hy Avo wintpeut ‘otjozpod wntpeut-posg 
E . ak P , a, *plely TequeWIT1adxe 
LOG 80°0+ €0 0+0€ 0 8E 0 0‘ 12's Y V+E 8e dy ysjoteqnAT ‘wieot Apues ‘o1jozpod-pog 
Bees UOTJEULUII9}ap | UOTJVUTWUTIIOJEp 
A ae T1pue J Ligeee geese Pletys WIM = |PTeTys ynouIM ut 
wroas uy | WOOO Mente pote Pe 
950UdA0TIT T 3 uT}JUNOD SsUuTAINnp I 
3s % {IOS Ut Ree ee ud ‘£yanoeorpes [10g 


—————— 


[IOS oY} UI WInTSsej}Od Jo UOTJEUIUIAaJep [VoTWIAYD pue ITIJOWIOTPeY 


é P14eL 


482 


large soil sample). 


NATURAL SOIL RADIOACTIVITY 


In addition, the entire 


il sample is saved. 


Received September 12, 1958 
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CHARACTERISTICS OF THE EXCHANGE OF MINERAL ELEMENTS 
BETWEEN MOSS-LICHEN-SHRUB VEGETATION AND SOIL IN TWO 
TYPES OF PINE FOREST IN THE KOLA PENINSULA 


V.I. LEVINA, S.M. Kirov Polar-Alpine Botanical Museum, Kola Branch, Academy of Sciences, 


USSR 


The problem of the exchange of substances 
between the soil and vegetation has been the sub- 
ject of many studies. The results of studies 
during early phases of soil formation have been 
reported by Polynov (13) and his collaborators, 
Yarilova (21), Assing (2), and Bobritskaya (4). 
The exchange cycle of substances in forest 
stands has been treated by Ebermayer (22), 
Remezov, Smirnova and Bykova (16), Smirnova 
(18), Dzens-Litovskaya (6), Troitskiy (20), Mina 
(12),.and others. The exchange of mineral ele- 
ments between the soil and cultivated crops was 
described by Bobritskaya (5). The articles of 
Kovda (8) and Bazilevich (3) have a more gen- 
eral character. All these studies refer to the 
central or southern parts of the Soviet Union. 
Only recently did an article by Rozhnova and 
Schastnaya (17) appear which was devoted to 
the study of the interrelation between vegeta- 
tion and the soils of the isthmus of Karelia. 


This article deals with the problem of the ex- 
change of mineral elements between podzolic 
soils and moss-lichen-shrub vegetation in the 
northern subzone of the thinly scattered taiga of 
the Kola Peninsula. The study was conducted 
between 1947 and 1949 on the initiative and under 
the leadership of I. V. Tyurin. 


Our observations were made on two plots 
with natural vegetation and one plot with cul- 
tivated soil cropped to oat, timothy and clover. 


Plot No. 1 occupies a flat summit and the 
upper and middle parts of the slopes of a sandy 
loam moraine ridge containing a very large 
amount of boulders. Vegetation consists of a 
thin pine stand with an undergrowth of lichens. 
Cladonia alpestris and Cladonia rangiferina pre- 
dominate, covering 80%-90% of the area. Small 
patches of Polytrichum and other mosses are 
found among the lichens, The underbrush con- 
sists of thinly scattered crowberry, whortle- 
berry and cranberry. The soil developing 
under this vegetation is an iron podzol, char- 
acterized by a shallow soil profile and a yellow- 
ochre illuvial horizon (A, 0-1 cm, A, 1-2 cm, 

B 4-22 cm, BC 22-46 cm, C 46-90 cm). 


Plot No. 2 is located near a bog and occupies 
the gentle slope of a sandy loam moraine ridge, 
containing a very large amount of boulders. 
Vegetation is represented by a slightly-bog 
spruce-birch-pine green-moss forest. Pleuro- 
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zium schreberi predominates. 


There are also 
some lichens. The underbrush consists pri- 
marily of blueberry, whortleberry, crowberry 
and ledum. Closer to the bog there are patches 
of sphagnum and dwarf-birch thickets. Herba- 
ceous vegetation is found in places in the form 
of hair grass and goldenrod. The soils are pre- 
dominately humic podzols with a deeper profile 
and a dark-coffee colored illuvial horizon, (A, 
0-6 cm, A, 6-20 cm, B 20-36 cm, B, 36-50 cm, 
BC 50-86 cm, C 86-150 cm). Ground water is 
found from a depth of 95 cm, 


Plot No. 3 is located in the area of the Arctic 
experimental station of VIR (All-Union Plant In- 
stitute) (Khibiny station, on the other side of the 
lake). The soil is a cultivated humic-iron pod- 
zol, Oat, timothy and second-year clover were 
taken for study. Total chemical analyses of the 
foregoing soils are shown in Table 1. 


Forest vegetation was studied (tops and roots) 
and samples were taken for analysis at the end 
of July and the beginning of August, while culti- 
vated crops were studied and sampled during 
the harvest period, Plant tops were sampled 
from 1 m? and replicated 6 times. The mass of 
roots was assessed according to the method of 
Kachinskiy (7). The mass of forest litter in the 
AGS an and A," layers was replicated four 
times from an area 50 x 50 cm. The mass of 
annual litter fall (from trees and bushes) was 
determined in plots 1 m?, The amount of dying- 
off lichens and mosses was determined by as- 
suming it to be equal to annual growth; obser- 
vations were made on growth. The methods of 
investigation are described in more detail in 
another article which is being published (11). 
The ash content in plants was analyzed using 
Aleksandrova's method (1). 


Experimental 


Green-moss and white-moss pine forests hav 
approximately the same vegetative mass per uni 
area, equal to about 45 cntr/ha of dry matter. 
However, they differ greatly in the composition 
of plant species, The first consists primarily 
of small shrubs (whortleberry, blueberry, 
cranberry, and ledum, which comprise 82% of 
the total vegetation) and green masses (9.5% of 
the total vegetation). The latter is almost enti- 
erly represented by the bushy lichens Cladonia 


Total chemical analysis of iron, humic and cultivated-humic-iron podzols 
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The natural vegetation of the Kola Peninsula 
is characterized by its low ash content. Accord- 
ing to our data, the raw ash content in whortle- 
berry (tops) is 2.46% of the absolutely dry sub- 
stance; that in cranberry is 2.55%; in crowberry, 
1.63%; in ledum, 1.36%; blueberry, 1.36%; and 
in the green moss, somewhat more than 3.77%. 
Bushy lichens have the lowest ash content (less 
than 1%). The difference in plant species grow- 
ing On iron and humic podzols determines the 
difference in the chemical composition of ash. 
This difference is especially pronounced in the 
tops and less pronounced in the roots. As Table 
2 shows, vegetation growing on iron podzols 
contains almost ten times more silicic acid than 
vegetation growing on the humic podzol. The 
reason for this is that bushy lichens, which pre- 
dominate on iron podzol, possess a high degree 
of selectivity with respect to SiO,. Kursanov and 
D'yachkov (10), who studied the lichens of the 
Kola Peninsula, found that the ash of some of the 
lichen species contained as much as 84% silicic 
acid. This is attributed by these investigators 
to the participation of silicic acid in the com- 
position of several organic substances, such as 
lichenin and related polysaccharides, in which 
SiO, amounts to 2.64%. 


The tops of humic podzol vegetation and the 
roots of the vegetation growing on both types 
of podzol do not contain much SiO,. 


On the other hand, the tops of vegetation on 
humic podzol contains 2.5 times more A1,O, than 
that of iron podzol, This is due to the fact that 
humic podzol is more moist, so that AlO, is 
more readily available to plants. This is cor- 
roborated by studies made by Stoklasa (23), who 
established that moisture-loving plants, and es- 
pecially their roots, contain much aluminum. 


The large amount of aluminum and, partly, 
iron in roots from the A, and B horizons of both 
pdozols may be explained, in our opinion, not only 
by the selectivity of plant root systems with re- 
spect to these elements, but also partly by the 
fact that when sesquioxides precipitate in the 
soil in the form of organo-mineral compounds 
they coat the root masses with a thin film. It 
is almost impossible to remove this film when 
preparing samples for analysis and it dissolves 
into a solution of weak hydrochloric acid together 
with elements of pure ash, This is why the ses- 
quioxide content in the ash of roots from the min- 
eral horizons of both soils might be too high. 


It is interesting to note that the concentration 
of manganese in the ash of the vegetative tops 
of humic podzol and in that of the roots from the 
A, horizon of both soils is relatively high. It ap- 
pears that certain species of shrubs, but not 
lichens, have the ability to accumulate man- 
ganese, This is confirmed by data in Table 2, 
which show that the ash of the vegetative tops 
of iron podzol contains almost five times less 
manganese than the ash of the vegetation of 
humic podzol. Approximately the same is true 
of calcium and magnesium. The vegetative 
tops of iron podzol contains very little calcium 
and magnesium, Considerably more calcium 
and magnesium accumulates in the vegetative 
tops of humic podzol, as well as in the roots from 
the forest litter horizon of both podzols. The 
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EXCHANGE OF MINERAL ELEMENTS 


ilcium content in the ash of the vegetation of 
th soils is two to three times higher than that 

magnesium, As far as P,O, and SO, are 
mcerned, there is no noticeable difference in 
eir content, which is high in the vegetation of 
ith podzols. 


In order to compare the ash composition of 
tural vegetation with that of crops such as 
its, timothy and clover, growing on the culti- 
ited humic-iron podzol, were analyzed. Table 
shows that the ash of oat and timothy has a 
gh content of silicic acid, sulfur, phosphorus 
id calcium, whereby roots contain more cal- 
um than the plant tops. The ash of roots has 
high content of aluminum and iron. The 
over tops have a very high content of calcium 
id a low content of silicic acid, while its roots 
mtain a large amount of sulfur and magnesium. 
5 compared to cultivated crops, natural vege- 
tion has a lower percentage of ash with a 
gher content of aluminum, iron and manganese. 
ae Ca and Mg contents in oats and timothy are 
t high. 


In comparing our results with the data ob- 
ined by Rozhnova and Schastnaya (17) for 
milar vegetation in the isthmus of Karelia 
10sses, lichens and whortleberry), we may 
te that the vegetation of iron podzol of the 
jla Peninsula has two times less ash, but the 
mmposition of the ash is similar to that of the 
h of Cladonia alpestris growing on granite in 
e isthmus of Karelia. The most significant 
fference between them is in their potassium 
mtent, which may be explained by the richness 
the parent material in this element. 


It is difficult to compare the combined moss 
d brush vegetation with individual plant spe- 
es (whortleberry, mosses), however, it ap- 
ars quite certain that the ash content of vege- 
tion varies depending on conditions of plant 
owth. The ash content of whortleberry (prob- 
ly growing under similar conditions) is the 
me, while that of moss is considerably higher 
the isthmus of Karelia, probably because of 
1igher mineralization of soil water. In addi- 
yn, our belief that certain shrubs, in particu- 
r whortleberry, possess a Selective ability 
th respect to manganese and that mosses have, 
parently, the highest sesquioxide content, is 
ing substantiated, 


Comparison of these data indicates that the 

yre northern vegetation of the Kola Peninsula 
ids to have a higher concentration of man- 
nese, aluminum and iron, The accumulation of 
iminum and iron in vegetation promotes humic- 
uvial soil development, while the accumulation 
manganese apparently plays an important part 
the decomposition (oxidation) of plant residues. 


In comparing our results with data provided by 
nomareva and Mysnikova (15) for herbaceous 
setation of spruce forests on leached sod-car- 
nate soil in the southern taiga zone, we may 

‘e that the moss-shrub vegetation of the green- 
ss pine forest of the northern taiga zone con- 
ns four to five times less ash but more ses- 
ioxides, especially aluminum and manganese, 
e same holds true for the ash composition of 
lis growing in green-moss spruce forests on 
arse clay loam podzol in the Velikiye Luki 
gion (18). 
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In comparing our data for cultivated crops with 
those of Bobritskaya's (5) for timothy and clover 
on cultivated sod moderately-podzolic soil in the 
Moscow Region, we should note that timothy and 
clover in the Kola Peninsula have a smaller per- 
centage of pure ash. Their tops have a very 
similar chemical ash composition, except that 
the clover in the Kola Peninsula has a little more 
aluminum and iron and less sulfur, while timothy 
contains more silicic acid and less potassium, 
magnesium and sulfur. The roots of clover and 
timothy in the Kola Peninsula contain more silicic 
acid, aluminum and iron and less sulfur than 
those of clover and timothy in the Moscow Region, 
the difference being more pronounced than in the 
shoot of the plants. 


We used Polynov's (13) method for character- 
izing the relative uptake of mineral elements by 
plants, and constructed biological uptake series. 


For the conditions studied, which are charac- 
terized by a sharp separation of the soil profile 
into genetic horizons which are completely dif- 
ferent in their chemical composition, we set up a 
biological uptake series for each horizon indi- 
vidually (A,, A, and B). We constructed gen- 
eral biological uptake series for the tops of 
mixed vegetation and root masses in the forest 
litter horizon only, excluding the roots from 
the A, and B, horizons because of their possible 
contamination with aluminum andiron. Wealso 
constructed separate uptake series for plant tops 
in the A, horizon in order to determine the char- 
acteristics of uptake of elements by vegetation in 
which the rootless lichens and mosses predom- 
inate. For cultivated crops, the uptake series 
were constructed for the plowed horizon. 


Since the method of compiling biological up- 
take series has been already described in the 
literature (15, 20), we will not discuss it here. 
Table 2 gives data on the ash composition of 
plants, while Table 1 provides information on the 
total chemical composition of mineral soil hori- 
zons (A,, B and A-plowed). The ash composi- 
tion of forest litter (A,") is given in Table 3. 


Biological uptake series for humic podzol 
vegetation in the A, and B horizons are very 
similar, in spite of the fact that these horizons 
differ greatly in their total chemical composition. 
The order of elements in both is the same. Both 
series show a very high uptake of manganese, 
phosphorus and sulfur by vegetation, sharply 
differing from that of other elements. These 
three elements are followed first by magnesium 
and then by calcium. Iron, aluminum and sili- 
con are taken up with the least intensity, their 
uptake factor being less than one. The only dif- 
ference between these two series is that the A, 
horizon has much higher uptake factors than 
the B horizon because of its relative paucity in 
all elements. In both series silicon is taken 
up least intensively of the latter three elements. 
A somewhat different picture is presented by 
the relative biological uptake of the forest 
litter horizon. Here the group of elements which 
are taken up intensively includes magnesium, 
manganese, calcium, sulfur and phosphorus; the 
group of weakly absorbed elements consists of 
aluminum, iron and silicon. The uptake factors 
for these series are characteristically low and 
similar to each other. In addition, magnesium, 
stands in first place, while the uptake of calcium 
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Biological Uptake Series 


Humic podzol 
As compared to the A, horizon 
Tops of mixed vegeta- 


tion Mg | Mn Ca S B Al re Si 
Tops of mixed vegetation + 3,0 2,9 2a) Alnes oe Fog 0,6 Que 0,1 
roots from the A, Mg Mn S Ca Pp Al Fe Si 
horizon Sp Org\aeS.,.8 pu2e2 41,90 4589 | Opooq]/ 6073. o(mn0et 


As compared to the A, horizon 


Tops of mixed vegetation Mn p S Fe Al | Si 
+ roots from the A, horizon 417,0 410,0 |238.0| 7} So lens Sane oe Oe te deeliou 
As compared to the B horizon 
Tops of mixed vegetation + Mn pie 5 Ca Fe Al Si 
roots from the A, horizon 466 8 | 11, 3| co 0 | a2" {2 1 2 OT9 eS) 05 eG 7 
Tron podzol 
As compared to the A, horizon 
Tops of mixed vegetation Pp Ge Mn S Mg Fe Ca Al 
1,6 iL 1,6 thea HOM ROS O;458| OFZ 
Tops of mixed vegetation + Mn Pp Mg Si Ca Fe Al 
roots from the A, horizon B55 ee 1,8 Seal Tea 92 edi OR 0,4 
As compared to the A, horizon 
Tops of mixed vegetation + P Mn S Mg Ca Fe Al ¢ 
roots from the A, horizon S08 O45. 5) 99,4 | taeaniy ss 4,0 0,5 0,4 
As compared to the B horizon 
Tops of mixed vegetation + p Mn ia Fe Si Al 
roots from the A, horizon £45 sile'62,. 4 | Site Berl babes A Pavel i Oh | 0,4 
Cultivated humic-iron podzol 
Tops S Pp Ca Mg Si Mn Fe Al 
20546089 O Gas eORS TE ORS GRILORO De On0s 
Cah ad Prone S P|. Cal Minories Seana |v Reding 
ing for hay) PAST a (3). |e leaee gteinn|| Osh ollie 0,6 0,4 
Tops + S P Ca Mg Mn Si Al Fe 
roots PHL sO) |, a4 Oot |} One 0,4 One, 0,2 
Tops S P Ca Mg Si Mn Fe Al 
Bo 0! ORO 4a SOR sam 2O)s 0,3 0,1 0,02 
Timothy (2 , ) ’ ; i 
Fae Das Nebots Si01@ P| Cascl MA battle Mgscbs Redslts Sisvad. Mn 
old) 30), 8? 2 Oi8) 7 0,6 0,5 (Oa 
Tops + S P a Mg St Mn Fe Al 
roots BVA ayliy dha Oh fapall Oates 0,3 OR 
Clover (2 Tops S IB Ca Mg | Mn Fe Al Si 
years old) py me SEES || KORY: 0,1 0,1 0,05 
(during Roots S P Mg | Ca Si Al Fe. |. Mn 
ia Bye te 23 , SB j7SI apis (£0) Avo Mt Oe ay Oud 
ing for Tops at iS p Ca ‘ , 2 
hay) roots 95.9 a a“ 3 


Note: Comma represents decimal point, 
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Table 3 


Chemical composition of ash of plant residue on iron and humic podzols 


In % of pure ash 


EXCHANGE OF MINERAL ELEMENTS 


dry matter, 
entr/ha 


Iron podzol 


At 


Semi-decomposed litter 


Forest litter A," 


= 
° 
N 
DS 
fe) 
a 
S) 
San | 
5 
a 


Fresh litter 


Semi-decomposed litter A,' 


Forest litter A)" 


Comma represents decimal point. 


Note: 
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is higher than that of phosphorus and sulfur (for 
plant tops). 


The biological uptake series of the A, and B 
horizons for iron podzol vegetation are also 
similar to each other and, to a certain extent, 
analagous to those for humic podzol. The vege- 
tation of iron podzol is characterized by a 
higher uptake of silicon and iron and a less in- 
tense uptake of manganese as compared to 
humic podzol, Uptake series for the forest 
litter differ sharply from those of the A, and B, 
horizons and from analogous series for the vege- 
tation of humic podzol. The outstanding fea- 
ture here is the fact that silica is among the 
group of elements intensively absorbed. It 
stands in second place in the uptake series for 
the tops of mixed vegetation on iron podzol, 
rather than in last place as in the case of hu- 
mic podzol, while calcium belongs to the group 
of elements which are poorly absorbed, with an 
uptake factor of less than one. The uptake of 
magnesium in the A, horizon is also less inten- 
sive than in humic podzol. 


The differences between the biological uptake 
series for the organogenic forest litter horizon 
and for the mineral A, and B horizons of both 
types of podzol may be explained by the fact 
that the ash composition of forest litter differs 
greatly from the total chemical composition of 
the mineral horizons. 


We paid attention to the uptake of elements by 
vegetation from the forest litter, since in a ser- 
ies of soils where the A, horizon is fairly thick, 
the exchange of mineral elements between this 
horizon and vegetation becomes a very im- 
portant factor. For example, in humic podzol, 
where almost 90% of all roots is concentrated in 
the A, horizon, the uptake of elements by plants 
occurs primarily from the forest litter. The 
tops of vegetation which consists chiefly of 
bushy lichens having no roots absorb mineral 
elements on iron podzol exclusively from the 
forest litter horizon (not counting the atmos- 
phere). The specific uptake of elements by 
vegetation on humic and iron podzol, is most 
clearly defined precisely in these series. Be- 
cause of the difference in the nature of biologi- 
cal uptake series between the vegetation on iron 
and humic podzol, as referred to the forest 
litter horizon, we can also talk about the dif- 
ference played by vegetation in the process of 
soil formation as far as the exchange of min- 
eral elements between the soil and vegetation 
is concerned. Vegetation, consisting mostly 
of bushy lichens, on iron podzol promotes the 
accumulation in the soil of much silicic acid, 
little magnesium and no calcium. Vegetation, 
consisting mostly of shrubs and only partially 
of green moss, promotes the accumulation of 
both calcium and magnesium on humic podzol. 
It follows that in this respect lichens contrib- 
ute more to the podzol-forming process than 
shrubs. 


Cultivated plants take up sulfur and phos- 
phorus most intensively, then calcium and 
magnesium, while the uptake of iron, aluminum 
and silicium is very weak. 


The highest concentration of calcium is found 
in the clover tops while its roots take up more 
magnesium than calcium. Oat and timothy ac- 
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cumulate calcium to a much lesser degree 

than does clover. The uptake factor for cal- 
cium and magnesium for their tops is even less 
than one, which may be explained by the high 
content of calcium and magnesium in the 
plowed horizon (Table 1), However, in the ex- 
change of mineral elements, the cycle of these 
elements must be taken into account, i.e., 
their annual uptake of the elements by plants 
and their return to the soil in unit area. Since 
the annual growth of cultivated plants is much 
greater than that of natural vegetation, and also 
since their ash content is higher, their uptake 
of mineral elements is several tens of times 
higher than that of natural vegetation. How- 
ever, a considerable portion of the tops of cul- 
tivated plants is removed during harvest and 
thus not returned to soil. 


Another significant moment in the exchange 
of mineral elements between the soil and vege- 
tation is the leaching of these elements from 
plant residue during its decomposition. 


The process of removal of mineral elements 
from plant residue has been studied for many 
years by many investigators. They tried to 
establish, on the basis of experimental in- 
vestigations, the principles of the removal of 
mineral elements during their decomposition. 
So far, the most valuable studies in this re- 
spect were made by Kravkov (9), and Stepanov 
(19). It would be sufficient to note that the 
method used by Polynov (13), i. e., compara- 
tive studies of plant residue mineralized to 
varying degrees, comes closest to natural 
conditions, 


An attempt was made by us to compile leach- 
ing series (Table 3) on the basis of an ash 
analysis of fresh litter-fall and various parts 
of the forest litter horizon (A,' and A,"). We 


compiled the leaching series according to the 
ratio between the content of various elements 
in the ash from the upper and lower layers of 
the forest litter. The elements are listed, 
from left to right, in order of the declining 
value of this ratio. 


The leaching series show that during the 
decomposition of plant residue the following ele- 
ments are leached most intensively: Ca, Mg, 

S, P, Mn. Among them calcium and magnesium 
are removed most intensively. The group of 
slightly leached elements consists of Al, Fe, and 
Si. Because of insufficient factual data, it was 
difficult to make more detailed conclusions on 
the removal of mineral elements during the de- 
composition of plant residue. Our conclusions 
do not contradict those made by Troitskiy (20) 
and Rozhnova and Schastnaya (17), and the data 
obtained by Kravkov (9). 


Vegetation is a powerful biological factor in 
the accumulation of mineral elements in the 
soil profile, in spite of intensive leaching and 
accompanying removal of mineral elements 
from the upper soil horizons. In the types of 
forests studied, where various types of podzol 
form, the biological accumulation of mineral 
elements is more pronounced in the forest litter 
horizon. It is very difficult to determine the 
biological accumulation of ash elements in the 
A, and B horizons without special investigations, 
The accumulation of ash elements in the forest 
litter may be quite accurately determined in 
absolute values per unit area from data on the 
accumulation of dry plant residue and the chem- 
ical composition of ash in the A,' + A," hori- 
zons of forest litter (Table 3). By making ap- 
propriate conversions, we obtained the data 
given in Table 4, 


Table 4 shows that the total accumulation 


Ga 
1,4 


Mg 


a) } 1,4 


Iron podzol 


Comparison between semi-decomposed litter-fall and the lower 
layer of the forest litter 


Humic podzol 
Comparison between fresh and semi-decomposed litter 


Sere atl 
1 oe eleO? PON 


Si 
Oe 


Mn | Mg | p | S Ca Si Al Fe 
Le io Lome 0 0,7 0,5 Oz 
Comparison between semi-decomposed litter-fall and the 

i lower layer of the forest litter 
Ca Mg S | Mn Pp Fe Al Si 
ane 25 250 5 MWe iad Og || Ose OFS 


Comparison between fresh litter-fall and the lower layer 
of the forest litter 


Mn S ie 
19 | 


229, 
Note: Comma represents decimal point. 


Mg 
a8 


Al | Si Fe 
ORS OFS Ont 
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Accumulation of ash elements in plant residue on humic and iron podzol, kg per ha 


EXCHANGE OF MINERAL ELEMENTS 


of ash elements in the forest litter on humic 
podzol is 2 to 3 times higher than on iron pod- 
zol. The accumulation of silicic acid, alumin- 
um, magnesium and phosphorus in this litter is 
also proportionally higher than over iron pod- 
zol. Calcium, iron and, especially, mangan- 
ese are an exception. The amount of calcium 

in the forest litter on humic podzol is 1.4 times 
higher than in that on iron podzol, i.e., it 
accumulates less intensively than the general 
mass of ash substances. This indicates that 
calcium has a tendency to concentrate to a 
higher degree in the forest litter of iron pod- 
zol, The total amount of iron in the litter over 
humic podzol is 3.2 times higher than in that of 
iron podzol, and the manganese content is 5.4 
times higher. It follows that iron, and especial- 
ly manganese, accumulate more intensively in 
the forest litter over humic podzol. The fore- 
going shows that the ability of lichens to take 

up much silicic acid and little calcium has no 
effect, in this case, on the total accumulation 

of ash elements in the forest litter over iron 
podzol, In the case of humic podzol the accumu- 
lation of manganese in the forest layer is de- 
termined to a considerable extent by shrubs, the 
roots of which reach into the mineral soil hori- 
zons, 


1,016 
4,950 

55, 742 

60,692 

1,136 

7,090 

45,678 | 28,226 


1,488 
6,631 
106 , 232 
112,863 
2,629 | 
049 1 2 


44, 


1,827 

6,731 
54,507 
61,238 

1,318 
25.575 
26,893 


9,675 
31,283 
176 , 490 
207 , 773 
7,213 
135,373 
142,586 


0,623 
2.172 
33,970 
36,142 
0,706 
5,958 
6,664 


| 


0,235 
6,806 
182,667 
189,473 
2,080 
55,970 
58,050 


In spite of the different role played by the 
vegetative tops in these two types of forests in 
the exchange of mineral elements between soil 
and vegetation, the general course of soil for- 
mation in both remains same, i.e., podzols 
form in both cases. This is attributable to 
similar conditions of decomposition and trans- 
formation of plant residue. 


x 
ie} 
N 

Ko) 
{e) 
jon 
oO 

ol 
g 
= 

ie2) 


oo st 
poe) 
~r 
em 


for) 
wo 
co 
oD 
Se 
N 


Iron podzol 


251 ,413 


The difference consists in the intensity of 
these processes. In the white-moss pine forest 
iron podzols form, which are characterized by 
low accumulation of organic substances and ash 
elements in the soil profile. In the green-moss 
pine forest humic podzols form; in the profiles 
two to three times more humus and ash ele- 
ments accumulate than in iron podzols. 


1,363 

10,575 
577, 184 
587.759 


Content of 
pure ash, 
kg/ha 

14,500 
83,200 
1544,110 
1627 ,300 


Conclusions 


1. The mixed surface vegetation (shrub and 
moss-lichen) in the white-moss pine forest is 
distinguished by a high content of silicic acid, 
phosphorus and sulfur and a low content of cal- 
cium potassium in its ash. Vegetation in the 
green-moss pine forest is rich in manganese, 
calcium, aluminum, phosphorus and sulfur, 
and poor in silica. 


Thickness, 
cm 


Ay’ 
Ay’ 


The ash of oat and timothy contains much 
silicic acid, phosphorus, sulfur and calcium, 
whereby the calcium content is higher in the 
roots than in the tops. The clover tops have a 
very high calcium content and a low silicic 
acid content, while their roots contain much 
sulfur and magnesium. 


wt 


TAO 


Comma represents decimal point. 


2. The biological uptake series for the min- 
eral A, and B horizons of white-moss and 
green-moss pine forests are very similar. The 
first place is occupied by manganese, phosphorus 
and sulfur, and the last, by aluminum, iron and 
silicon. 


Forest litter 


1 ” 
Ay' + Ay 


1 year 
Semi-decomposed litter 


Forest litter 


A,' ae A," 


Fresh litter accumulated for 
Semi-decomposed litter 


Note: 
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The biological uptake series for the forest 
litter layer show the specific role of the tops of 
white-moss pine forest vegetation, which inten- 
sively accumulates silicon but absorbs little 
potassium, 


3. During the decomposition of plant resi- 
due intense leaching of Ca, Mg, S,P, and Mn 
occurs, whereby the removal of Ca and Mg is 
the highest. Al, Fe, and Si are only slightly 
affected by leaching. They accumulate during 
the decomposition of plant residue. 


4, Biological accumulation of ash elements 
is most pronounced in the forest litter. In the 
litter of the white-moss pine forest on iron 
podzol 6.95 cntr/ha of ash elements accumu- 
late, while 2.3 times more ash elements (16.27 
entr/ha) accumulates in the green-moss pine 
forest on humic podzol. 


5. The qualitatively different role of shrubs 
on humic and iron podzols in the exchange of 
mineral elements becomes smoothed in the over- 
all process of soil formation. Because of 
identical conditions of decomposition and trans- 
formation of plant residue, the general course 
of the formation process in both types of for- 
ests is the same: in both cases podzols form. 
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IICROMORPHOLOGICAL STUDY OF LEACHING AND 
ODZOLIZATION OF SOILS IN A FOREST 


O. KARPACHEVSKIY, Forestry Laboratory, Academy of Sciences, USSR 


Many investigators have described the follow- 
g genetic series of soils: ordinary chernozem 
leached chernozem — grey forest soil (brown 
rths — parabrown earths, ! and sol lessivé in 
estern Europe) — sod-podzolic soils — pod- 
lic soil, Already V. V. Dokuchayev (6), who’ 
rstused them inthe scientific literature by the 
pular names "chernozem" and "podzol, "began 
e study of the extreme members of this series. 


The hypothesis of podzolization was most clear- 
formulated by K. D. Glinka (3). According to 
m, this process is initiated by humic (fulvic) 
ids which decompose the primary minerals, 

e products of decomposition are removed to 

e lower horizons, leaving SiO, in the upper hori- 
ms. This results ina relative accumulation of 
O,. Vil'yams (1) also shared this opinion on 
dzolization. However, later, while studying 
ached (degraded) chernozem and grey forest 
ils, Glinka (4) came to the conclusion that 
dzolization is related to the decomposition of 
imary minerals by water and the removal under 
e protection of humic soils of mineral colloids, 
om which Cais leached, intothe lower horizons. 
-idic decomposition represents only a weak ac- 
mpanying process. Thus, leaching is the first 
ase of podzolization, as was pointed out by 
yssovich and Gedroyts and Zavalishin. The 
tter suggested that the degree of the podzoliza- 
yn be expressed by curves showing the re- 
oval of adsorbed Ca (7). 


Since the intensity of leaching depends on 

> water-permeability of soil, it could be ex- 
cted a priori that there must be a difference 
the movement of colloidal solutions depend- 
yon soil texture, Glinka pointed out that in 
ndy soils leaching proceeds evenly, along 

> profile and well-defined iron layers (ort- 
und) form in the B horizon. In clay loam 

ils leaching occurs primarily through pores 
ere Fe hydrosols and ortstein deposits form. 


Summarizing the results of his own investi- 
tions and the published data, A.A. Rode (12) 
me to the conclusion that the podzolization ’ 
ocess undergoes the following consecutive 
ases of development: decomposition of the 
imary minerals, ther emoval of colloids, 
splacement of adsorbed cations, the de- 
mposition of the secondary minerals, and 

> removal of newly-formed products. He 
lieves that the removal of colloids by down- 


ara braunerde (German) = (para brown earth). 
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ward flow is limited, because they must be held 
back in the upper 10 cm of soil. The order of 
the phases changes depending on soil texture, 
In coarse-textured soils Rode distinguishes the 
following sequence of the phases of podzoliza- 
tion: 1) Appearance of organic matter; 2) 
Removal of secondary minerals; 3) Physical 
and chemical weathering of primary minerals 
and synthesis of secondary minerals; and 4) 
Decomposition of secondary minerals and 
transport of decomposition products. 


In fine-textured soils podzolization occurs 
in the following way: 1) Decomposition of pri- 
mary minerals and formation of secondary 
minerals; 2) Appearance of organic matter in 
the soil profile (and acids in the solution); 3) 
Displacement of exchangeable cations by hy- 
drogen; and 4) Decomposition of secondary 
minerals. Usually these phases overlap each 
other. The last phase is characteristic for 
podzols. Thus, except for the assumption on 
the impossibility of the leaching of colloids, 
Rode and Glinka do not differ in their opinions. 
Yarkov (18) proved that organic-mineral col- 
loids, the degree of dispersion of which is, in 
his opinion, close to that of true solutions, 
move in sod-podzolic soils. Therefore, the 
removal of colloids may occur even when 
they have not been decomposed, However, 
special conditions in the B Horizon may cause 
the formation of secondary minerals different 
from the original forms. Polynov (11) found that 
in the B-horizon of podzolic sandy loam mineral 
xylothile are formed as incrusted films. Re- 
cently Yarilova and Parfenova (17) studied 
clay minerals of the clay fractions from vari- 
ous soils and came to the conclusion that they 
are very much alike, represent a separate group 
of highly-dispersed minerals with a three-layer 
crystal lattice in which silicon has been partial- 
ly replaced by aluminum, 


That clay particles can move without being 
decomposed is evident from the fact that opti- 
cally oriented clay layers are found in the 
pores of various soils (10,20). Such layers 
are characteristic for parabrown earths (sol 
lessivé). These soils have been described 
in Duchavfour's articles (21). These soils 
are distinguished by a uniform mineralogical 
and chemical composition of colloids through- 
out the profile. On the basis of his detailed 
study of brown earths in the Ardennes, the 
Vosges and Gascony (France), Duchaufour came 
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to the conclusion that sol lessivé — podzolized 
soil represent a genetic series. A removal of 
clay particles into the B horizon occurs in sol 
lessivé, and leads to the reduction of the water- 
permeability of this horizon. The decomposi- 
tion of colloids and the formation of another B 
horizon (B,) above the original one take place 
in the second phase. When the pH drops below 
5 a destruction of structural units and the ac- 
cumulation of silica powder in the A horizon 
occur in sol lessivé, Thus, according to 
Duchaufour, migration during the lessivé (leach- 
ing) phase involves mainly clay particles and 
free Fe-oxides. The phase of actual podzoliza- 
tion begins with the accumulation of acid humus 
in the upper horizon, the decomposition of sec- 
ondary minerals, the removal of Al and Fe 

and the deposition of kaolinite along with Fe,O, 
in the B horizon. Duchaufour's ideas corrob- 
orate those of Glinka and Rode. Differences of 
opinion consist primarily in that Rode places 
the main emphasis on the processes of decompo- 
sition of secondary minerals and the movement 
of the resultant products and minimizes the 
movement of "unchangeable" colloids. Glinka, 
in contrast to Duchaufour, rightly observes 

that colloids are hydrated, while being removed 
into the lower horizons. 


Eval'd (16) believes that sol lessivé differs 
from podzolic soils in that '... separate grains 
of sand and silt have an iron coating and the B 
horizon is fairly uniformly developed, so that 
no illuviation maximum is noticeable."' He 
considers parabrown earth to belong to the pod- 
zolic soil group. 


Variations in the mineral composition of col- 
loids along the profile of podzolic soil are de- 
termined by oxidation-reduction conditions in 
individual horizons, as well as by the age of the 
soil and the mineralogical composition of the 
parent material. Yarkov (18) relates the 
characteristic distribution of iron minerals 
in the sod-podzolic soils to the seasonal 
changes of the rH in their profile, 


McAleese and Mitchell (22) suggest the fol- 
eae scheme of the transformation of minerals 
in soil: 


Parent material 


ite, olivine) gregates 


It is possible that these intermediate clay 
products are represented by the polycrystal- 
line clay minerals discovered by Rode and 
Feofarova (13) during the mineralogical analysis 
of powder in forest-steppe soils. The formation 
of the profile of podzolic soils is inseparably 
linked with the varying oxidation-reduction 
conditions in individual horizons. Therefore 


secondary minerals, brought from the upper * 
soil layer into the illuvial horizon, can under- 
go changes. 


Thus differences in the mineralogical com- 
position of individual horizons do not exclude 
the possibility of the movement of secondary 
minerals in an unchanged state. 


It follows that, when the rH is high, pri- 
mary minerals are decomposed and secondary 
minerals removed (as colloids) into the lower 
horizons. Fridland (15) called the latter proc- 
ess "illimerization. '' We think that the term 
"leaching" is more fully descriptive of the proc- 
ess because it emphasizes the interrelation be- 
tween the leaching of colloids from adsorbed 
Ca + Mg and their removal into the lower hori- 
zons. The new term (illimerization) does not 
reflect the difference between the transport 
of colloids in podzolic soils and, for instance, 
in solonetzes or takyrs. 


The object of our work was the study of the 
movement of clay particles in the soil, For this 
purpose we used micromorphological and elec- 
tron-microscopic methods of soil investiga- 
tion. (Table 1). 


The description of natural conditions in the 
Serebryannyy Forest, Podushkino (Moscow Re- 
gion, Kuznetsev district), Derkula, Volkovo 
is given in the articles by Zonn (8,9), Skrynni- 
kova (14), and Gavrilova (2). 


The sod-moderately-podzolic medium clay 
loam (Profile 4) rests on an aluminum-silicate 
moraine of the Moscow phase of the Wuerm 
Glaciation rich in boulders, The texture 
changes with depth to that of fine clay loam. 
The increase in fineness is primarily due to 
the increase in the content of clay (10%-30%). 
At the same time, the content of coarse and 
medium sand particles also increases with 
depth (7%-10%-20%-30%) according to data ob- 
tained by Skrynnikova (14). We are inclined 
to think that such distribution of particles means 
that the upper layer possibly represents a mor- 
aine washed in situ. Otherwise, the simultane- 
ous impoverishment in sandy and clay fractions 
would be difficult to explain. 


Vermi- 
ga,  culite 
Om AsHOn® 
cor 


I Poly crystalline 
(plagioclase, aug- ———» Clay mineral ag- 


———— illite ——~» Kaolinite 


Re 
ay 
Con 5+ CE 
QQ in. L0n 
“tons Montmorillo- 
nite 


The mineralogical analysis of the soils 
showed that the chief soil-forming minerals 
are quartz and feldspars (microcline, albite, 
oligoclase), The accessory minerals, amount- 
ing to about 5% of the total weight of the soil 
throughout the profile, are tourmaline, zir- 
conium, amphiboles (in particular, hornblende 
enriched with titanium), pyroxenes, zoisite, 
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Table 1 


Characteristics of investigated soils 


Location Forest type 


Podushkino Oak forest 


Basswood + oak 
+ pine 


Serebryanyy 
Forest, Mos- 
cow region 

Volkovo, Yaro- 
slavl' Region, 
Rybinsk Dis- 
trict 


Blackberry-over- 
grown spruce 
forest 


forest 


Derkul', Lngansk 
Region, Belovodsk 
District 


Oak plantation 


inozoisite, garnets, and sillimanite, 


The A, 
1d B horizons show a certain increase in 

ese minerals as compared to the A, horizon. 
he A, horizon contains zirconium which is 
ost resistant to weathering. Authigenous 
inerals are represented in the A, horizon 

r opal, chalcedony and whewellite. 


Table 2 shows the data of the total chemical 
alysis of soil for Profile 4. A certain rela- 
ye increase of Al,O, is found in the clay frac- 
yn of the B horizon. At the same time the 
2,0, content is found to increase sharply the 
wer horizons, which is probably related to 
e decomposition of mica, amphiboles and 
roxenes and the removal of colloids into the 
horizon. Thereby a considerable amount 
SiO, is also removed, and the content in- 
eases in the clay fraction in the B horizon 

19% of the total. Consequently, colloidal 
on compounds are being removed, a fact 
1ich was also observed by Duchaufour in the 
llessivé. The total colloidal composition 
lows the assumption that this soil contains 
inerals of the illite groups which was born 
t by our electronmicroscopic investigations 


ig. 1A). 


The micromorphological analysis of polished 
il sections with an undisturbed structure 
rofile 4) showed that the A, horizon consists 
subangular grains of quartz 0,01-0.14 mm 
diameter, surrounded by a mass of organic 
bstances. Organic-mineral colloids coat 

th a dense film, the surface of mineral grains, 
ownish-red plant debris with crystals of 
ewellite in the cells are found in this hori- 

n. Some of the semi-decomposed debris 

30 contains deposits of optically-oriented 
neral matter (Fig. 1B). 


The A, horizon contains, in addition to 

ny quartz grains covered by a humic colloi- 
| film, ortsteins ranging from 0.14 mm to 

} mm in diameter. They form mostly around 


495 


Green-moss spruce 


Underlying 
material 


Aluminum-sili- 
cate-moraine 


Sod- moderately 
podzolic medium 
clay loam 


Slightly sod moder- 
ately podzolized 
sandy loam 


Slightly sod mod- 
erately podzolized 
clay loam 
Peat-podzolic-gley 
sandy loam 


Aluminum-sili- 
cate moraine 


Ancient allu- 
vium 


Weakly leached cher+ Loess-like clay 
loam 


large (0.05-0.09 mm in diameter) quartz grains 
or their clusters. Sometimes the remains of 
decomposed hornblende grains are found in 
the middle of ortstein. The boundaries of the 
ortstein are clearly defined and bear no evi- 
dence of the leaching of Fe,o, in their vicinity. 
(Fig. 1C). Mineral grains (quartz) have a 
certain orientation and a poorly expressed 
micro-stratification. Accumulations of 
organic matter occur at places. -Feldspars 
are rare. 


The B horizon consists mainly of small 
crystals with a few large grains of quartz (0.2- 
0.7 mm in diameter). Some brownish spots 
of optically-oriented clay are also found (Fig. 
1D). There are ortstein grains of the same 
type as those found in the A, horizon, but their 
surfaces are slightly eroded as a result of the 
movement of Fe colloids. Grains of quartz 
and chalcedony are coated witha film. Pores 
and cracks are filled with oriented clay sub- 
stances. The B, C horizon presents a similar 
picture, It contains large amounts of optically 
oriented clay forming spots throughout the en- 
tire horizon, 


These data on the mineralogical composition 
of the soil and its micromorphology are indica- 
tive of: 1) the syngenetic origin of the upper 
medium clay loam and the underlying moraine; 
2) the leaching of colloids into the lower soil 
horizons and the accumulation of Fe in the 
lower horizons. The latter phenomenon points 
to the intense weathering of primary minerals 
(mica, amphiboles, pyroxenes) and the move- 
ment of the products of their decomposition in 
the upper horizons; 3) the prevalence of illite 
among secondary mineral, which moved into 
the lower horizons along with Fe compounds, 
The accumulation of Fe compounds in the lower 
horizons results primarily from the increase of 
the clay contents. 


The slightly sod moderately-podzolic sandy 
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Fig. 1. - Characteristics of leaching and podzolization processes in soils in a forest. 


a - d ~- Profile 4 a - B horizon. An electronmicroscope picture of colloids, X 15,000; 

b - i - enlarged 100 times. b - Aj horizon, with an analyzer. Optically oriented col- 
loids in plant debris tissues. c - A2 horizon, without an analyzer. Fe oxides (ort- 
stein) near a large grain of quartz; d - B, horizon, without an analyzer. Colloidal 
films in pores and around mineral grains; e - f - Profile 6; e - Az horizon, without an 
analyzer, A decomposing grain of hornblende; f - By horizon, without an analyzer. Films 
around mineral grains and ''cuff-like!' Fe colloidal accumulations between grains; g andh 
- Profile 15;  g - B) horizon, without an analyzer, Films of Fe colloids near grains of 
quartz and feldspar. h - gley horizon, without an analyzer. Mineral grains are con- 


siderably smaller than in the B, horizon; i - Profile 2, B, horizon, without an analyzer. 
An accumulation of humus of the type of ortstein grains. 
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% 


Clay 
content,| Humus 


% 


of the total 


content of component 


Clay components, % 


of soil 


Table 2 


Clay 


in moles 


Soil 


Content of SiO,, Al,O, and Fe,O, in sod-moderately podzolized soil, Profile 4, Podushkino, Moskow Region 


Horizon 


LEACHING AND PODZOLIZATION 


loam (Profile 6) rests on old alluvium under 
climatic conditions similar to those of the pre- 
ceding soil. The texture of this soil indicates 


S38 that clay particles move from the upper into 
noo the lower horizons. 
The amount of accessory minerals is 0.3% -0.1% 
Meas andless, Pyroxene (including hypersthene), amph- 
a4 S at iboles, cyanite and garnet predominate among them. 
Results of the total chemical analysis of the 
See soil in the Serebryanyy Forest (Table 3) show 
es es an increase in the content of Fe in the lower 
SH 19 00 horizons, 
eo Se A deviation from this tendency in the upper 
AS part of the B, horizon is related to the presence 
———— of a layer of a coarser texture, 
Soy 
Boi Cre Our micromorphological investigations of 
this soil produced a slightly different picture 
01D than for the medium clay loam. The A, hori- 
Be FPS 0. zon consists here of subangular quartz grains, 
Fea 0.5-0.9 mm and bigger in diameter. There are 
eee also small grains of feldspars, accumulations 
eS : of chalcedony and rock fragments. Reddish 
AN OD iron-humic films, one thousandth of a milli- 
isms Walaa age meter thick, are found around larger grains 
eee and oriented flakes of a clay substance. In 
pe the A, horizon there are more films and spots, 
the number of grains of feldspars (albite and 
microcline) and amphiboles increases andthese 
asa grains become bigger in size (Fig. 1E). The 


number and the size of the grains of feldspars 
increase even more in the B horizon. Here Fe 
colloids form thin films around quartz grains 
and accumulate in the inter-spaces between 


ESS mineral grains (Fig. 1F). 
SHS OD SH 
Thus, coarse-textured soils have a more 

rious uniform distribution of colloids in the form of 
COCf. films around individual grains of quartz and 

ooo feldspars, The quantitative distribution of 
ic feldspars indicates that they are undergoing 
DO OS decomposition in the upper horizons. The A, 
Sooo horizon of this soil contains some splitting 

ama grains of accessory minerals which are resistant 

ee AAA to weathering. 
Scoe 


A comparison of the two podzolic soils from 
areas with very similar climatic conditions 
oD (total annual precipitation 550 mm and total 
vy annual evaporation 545 mm) shows that in 
coarser-textured soils colloids move uniform- 
= ly throughout the profile, which leads to the 
formation of ortsand, 


Our micromorphological investigations of a 
eat-podzolic-gley soil on an old river alluvium 
Profile 15) showed substantial differences in 

the properties of soil in the various parts of the 
profile. In the A, horizon, just as in the case of 
Profile 6, quartz grains up to 0.07-0.7 mm in 
diameter predominate, It also has rock frag- 
ments and brown iron grains (ortstein?). 


In the B, horizon, the amount of feldspars 
increases from 1%-2% to 6%. Iron concretions 
and brown films are found near the grains of 
quartz and feldspars (Fig. 1G). The size of 
minerals is somewhat smaller than in the A, 
horizon, There are some preserved grains of 
amphiboles which are not presented in the A, 
horizon. The B, horizon has more feldspars 
and amphiboles but considerably fewer organic- 


0,097) 1,29 |0,013 
0,097} 1,36 |0,045 
0,140} 1,23 |0,020 
0,130 | 1,17 | 0,035 
Comma represents decimal point. 


Note: 
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Table 3 


Content and ratio of Al,O,, Fe,O, and SiO, (in moles) in slightly sod 
moderately podzolized soil, Serebryanyy Forest 


Note: Comma represents decimal point. 


mineral films than the B, horizon. 


Under reduced conditions, the main soil mass 
of the gley horizon consists primarily of the 
same mineral grains, measuring <0.2 mm in 
diameter, that are found in the A and B hori- 
zons. It contains many amphiboles (Fig. 1H) 
and some oriented scales of clay. 


The distribution of minerals in sandy loam 
podzolic soils is the same as in Profile 6, 
However, there are certain differences in the 
form of colloidal films. Thus, while in the 
B horizon they are not oriented, in the gley 
horizon they occur as flakes of oriented clay. 
This indicates a difference in the formation of 
clay minerals, which is apparently related to 
the oxidation-reduction conditions in various soil 
horizons, 


The medium clay loam, slightly-peaty strong- 
ly podzolized soil (Profile 9) on the aluminum- 
silicate moraine of the Kalinin phase of the 
Wnerm Glaciation is located not far from Pro- 
file 15 in a blackberry-spruce forest. In its 
mineral composition, it is similar to the sod- 
moderately podzolic soil of the Podushkino 
Forestry. The heavy mineral fraction accounts 
for 0.1%-0.2% and is slightly smaller than in 
Profile 4. The accessory minerals are repre- 
sented predominantly by garnets, pyroxenes, 
epidotes, amphiboles, enstatite, sillimanite and 
by individual grains of tourmaline, The fact 
that this soil contains a lesser amount of ac- 
cessory minerals is probably indicative of 
their more intensive weathering and decom- 
position, which is undoubtedly related here with 
very pronounced podzolization. 


Our study of the sod-podzolic and podzolic 
soils of the Moscow and Yaroslval' Regions 
showed that during podzolization, the most in- 
tensive decomposition of primary minerals 
(feldspars and accessory minerals) occurs in 
the upper horizons, Fe and Si are removed 
(in the clay fraction) into the lower horizons, 
Oriented and non-oriented colloids are de- 
posited in the B horizon. Colloids move differ- 
ently in sandy and clay loam soils. In the first 
the solutions move near mineral grains, form- 
ing thin films around them. In the latter case 
colloids line the pores, forming various accumu- 
lations of sols, changed into gels and crypto- 
crystalline formations, 
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Clay 
fraction, 
(6) 


SiO, 
Fe,0, 


That the primary minerals are being de- 
composed in the sod-podzolic (and in podzolic) 
soil is evidenced by brown formations around the 
grains of mica, pyroxene and amphiboles, as 
well as by the fact that mica (especially bio- 
tite) is almost completely decomposed and 
the content of feldspars increases with depth. 

In certain cases the A, horizon content of 
accessory minerals increases slightly as 
compared to the A, horizon. This can be 
explained by the protective role played by 
humic acids which are more saturated with 
cations. This saturation is partially caused 

by Ca in the litter. Thus, in the Podushkino 
Forestry up to 90 kg/ha of CaO is annually re- 
turned to the soil through the litter (unpublished 
data compiled by Ye. A. Kuz'mina), The amount 
of Ca adsorbed in the upper layer amounts to 
1.3-5.0 tons/ha in terms of CaO. Consequently, 
a considerable part of adsorbed Ca may be of 
biological origin. The results of the total 
chemical analysis of colloids and soil show 

that more than 90% of the Ca adsorbed by the 
soil is contained in the clay fraction, which 
determines the amount of exchangeable Ca in 
the soil, while in the coarser fractions Ca is 
part of the minerals. 


Thus, in the upper horizon of the sod-pod- 
zolic soil the colloids are more saturated 
with Ca and to a certain degree protect the 
minerals from decomposition. According to 
our micromorphological analysis, all mineral 
grains are covered with more or less defined 
colloidal films. However, even though all 
colloids are similar to their chemical compo- 
sition, they differ in the degree of hydration 
in various horizons of the sod-podzolic soil 
(content of adsorbed and constitutional water), 
If the total chemical analysis of the soil shows 
increased ignition losses with depth (Table 4), 
the re-calculated data indicate that this occurs 
as a result of the increase in clay content. At 
the same time the hydration of colloids de- 
creases with depth. 


The hydration of colloids is pronounced in the 
A, horizon which promotes their mobility. Under 
the protection of hydrophilic humic sols, which 
are easily hydrated, other colloidal compounds 
become readily movable. The accumulation of 
colloids (in particular, Fe) in the lower horizons 
testifies to their slight dehydration in these 
horizons, 
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Table 4 


Ignition loss in sod-podzolic soil and its clay 
fraction, and their ratio in %; Profile 4 


Ignition loss 


Bors Z008 | in clay,}in clay, of 
of soil|of clay| of soil total 
weight loss 
6,60 | 19,80) 4,9 29 
Dei |) IPA Oak 28 
“ies COA eS BD 
0,04 | 8,00] 2,4 


Note: Comma represents decimal point. 


Since the total ignition loss increases in the 
ower horizons, their content in constitutional 


yater also increases (in percent of soil weight). 


\pparently leaching is inseparably connected 
vith the hydration of colloids and their dis- 
ersion by water. The movement of colloid 
ols is a very common natural phenomenon, as 
videnced by the data compiled by Minashina 
10). Brewer and Haldanc (19) note that col- 
oidal films are more oriented in sands than 

n clay loam soils. Their orientation occurs 
mile they are being carried by both upward 

nd downward movement of water. 


Micromorphological investigations of leached 


hernozem from the Derkul' Experiment Sta- 
ion testify to the movement of colloids during 
eaching. Derkul' chernozem rests on loess 
nd does not contain much accessory minerals 


(<0.1%), among which pyroxenes, disthene, 
garnet and tourmaline predominate (Table 5), 


Incrustations of chalcedony and grains of 
quartz measuring ~ 0.3 mm in diameter are 
found in the A horizon, Other minerals are 
difficult to detect because a large amount of 
humic colloids fills small pores and sur- 
rounds the mineral grains with a thick film. 

In the plant residues one can easily see cry- 
stals of carbonate and whewellite. The latter 
are usually of a reddish color. In the deeper 
portion of the profile a part of the carbonates 
is deposited in the needle-shaped crystals. In 
the lower part of the A and B horizons the 
diameter of quartz grains increases to 0.12- 
0.2 mm and the amount of such accessory 
minerals as garnets, pyroxenes, etc., in- 
creases, There are also scaly films of weak- 
ly oriented colloids and deposits of the ortstein 
type (Fig. 11). Part of the colloids occupies 
the pores; these colloids are not optically 
oriented but occur in the form of incrustations. 
Thus, the peptization of colloids occurs in 
chernozem under the influence of downward flow 
of water originating in the upper soil horizons 
under the effect of forest stands. The Ck hori- 
zon contains a large amount of Ca carbonate, 
distributed by diffusion. In the lower part 

of the horizon the quartz grains decrease to 
0.1-0.06 mm in diameter. 


Conclusions 


1, Colloids forming during the process of 
podzolization are carried downward by water 
into the lower horizon. They include Fe and 
SiO, colloids in the form of hydrosols under 
the protection of humus sols. 


Table 5 


Mineralogical composition of soils 


| Light fraction, Heavy fraction, 
| spec. gravity spec. gravity Clay Authigenous 


<2.85 <2.85 


deratel artz, micro- |Tourmaline, zirco- |Illite, montmor- Opal, chalce- 
ae eed pie ae albite, nium, hornblende illonite, Fe com dony, whewel- 
file 4 oligoclase, (enriched with Ti), | pounds lite 
mica pyroxene, zoisite, 
clinozosite, silli- 
manite, garnet, 


mica 


Slightly sod- Quartz, micro- /{Pyroxene (including: | Fe compounds Chalcedony 
moderately cline, albite hypersthene, am- and illite 
podzolized, phiboles, kyanite, 


Profile 6 garnet) 


Peat-podzolic- | Quartz, micro- /Amphiboles, gar- Illite, Fe com- 
fie iagbeatile cline, ’plagio- net, disthene, pounds 
15 


clase epidote 


Chalcedony, 
calcite 


Weakly leached | Quartz, ortho- |Tourmaline, garnet, | Montinorillonite Carbonate, 


chernozem, clase, micro- disthene, pyroxene 


Profile 2 cline 


chalcedony, 
opal 
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2. The nature of the movement and deposi- 
tion of colloids depends on soil texture. In 
sandy soil colloids precipitate in the form of 
films around minerals and in the form of 
accumulations in the spaces between the grains. 
In clay loam soils colloids move mostly through 


pores, so that oriented colloids form scaly films, 


concentric stratifications in pores, and diffuse 
streaks and spots. 


3. The removal of colloids into the illuvial 
horizon changes the oxidation-reduction con- 
ditions in the profile of soils toward reduction, 
especially in the illuvial horizon, which leads 
to their dehydration and a change in their min- 
eral composition. The role of the rH is sub- 
stantiated by our investigations on a peat- 
podzolic soil (Profile 15) which showed a sharp 
distinction between the micromorphology and 
mineral composition of the gley and other hori- 
zons. 


4, The orientation of mineral colloids is ob- 
served in plant tissue. 


5. All this leads to the conclusion that the 
previously described soils colloids are moved 
by water flow. Podzolization is accompanied 
by the intensification of the weathering of pri- 
mary minerals, while leaching, or lessivage, 
is the initial phase of podzolization and the 
accompanying process during the later phases of 
podzolization, which was first noted by Glinka 
and confirmed by Duchaufour. There may be no 
substantial differences in the composition of 
secondary minerals, as long as the oxidation- 
reduction conditions in the soil profile are of 
the same type. However, during the develop- 
ment of the process of leaching of colloids new 
minerals are formed in the illuvial horizon. 
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4ARDNESS DYNAMICS OF CERTAIN SOILS IN THE MIDDLE 
RANS-VOLGA AND SOUTH-URALS REGIONS 


’» V. BAKHTON and A.S, L'VOV, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


According to Shchukin (22, 23), soil hardness 
s the property of the soil to resist penetration 
y Solid objects of certain shapes and sizes 
uch as, spheres, cones, cylinders, etc. 
lardness indicates the ability of the soil to with- 
tand the destructive mechanical impact of éx- 
ernal forces: the effects of plant roots, tilling 
mplements, raindrops, etc. Internal forces 
aay also effect an increase or decrease of soil 
trength (swelling and shrinkage) and, thus, an 
acrease or decrease of hardness. 


Hardness is a dynamic property which varies 
reatly depending on changes in the moisture 
ontent of the soil, its compaction under load, 
tc. Kachinskiy (10, 11) and certain other 
cientists call this property the power of resis- 
ance of the soil to cleaving, and compare the 
enetration of an instrument under load into 
1e soil to the cleaving action of plant roots. 
ther scientists, for instance, Buromskiy (3), 
nd Zheligovskiy (9), consider "hardness" as 
1e coefficient of volumetric deformation or 
rumpling of the soil, and express it in kg/ce 
ustead of kg/sq cm, which denotes hardness. 
ll this goes to show that various scientists 
wterpret this property differently. 


Sometimes the term "density" (the ratio be- 
veen the mass and volume of a body) is in- 
orrectly used in referring to hardness. Hard- 
ess is measured with hardness gages, which 
re also wrongly called "penetratometers, "' 
ccording to the old terminology. At present 
1ere are a great number of various hardness 
ages, which are listed in the works of Ka- 
hinskiy (12), and Bakhtin (2). 


Soil hardness is a complex mechanical 
roperty, which consists of several simple 
\echanical strains such as compaction, shear- 
ie, friction, etc. Soil hardness is being studied: 


1) to determine the special genetic charac- 
istics of various types of soil. Surface, as 
ell as underlying, genetic horizons of various 
ils have fairly constant hardness values, all 
her conditions being equal; 


2) to characterize various soils as media 
1d habitat of individual plant organs, such as 
ots, rhizomes, tubers, etc. Very hard and 
yhesive soils interfere with the development 
‘these plant organs. Even though certain 
ants develop a great strength throughout dif- 
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ferent phases of their growth, which cleaves the 
soil, they may not have enough strength to over- 
come the extreme hardness of the soil and perish. 
This happens, for example, as pointed out by 
Dolgov (7, 8), Gorbunov and Bekarevich (6), and 
others, to tea plants when their roots reach 

very hard horizons or when a soil crust forms, 


To diminish the hardness of the soil and im- 
prove conditions for plant growth, the soil is 
cultivated and loosened before sowing. 


3) To characterize soils from the point of 
view of their trafficability by agricultural ma- 
chines, vehicles, animals, etc. In measuring 
hardness, we evaluate the bearing capacity of 
the soil, ete. 


4) To evaluate soils from the point of view 
of their cultivation. The harder the soil, the 
stronger it is, the more mechanical effort is 
required for tillage. Thus, great importance 
is given to soil hardness measurements in test- 
ing soil cultivating equipment. 


5) To determine the deformations experienced 
by the soil cultivating equipment and tractors 
in relation to: (a) the determination of the depth 
and quality of cultivation and changes in the re- 
lationship between individual genetic layers 
and their parts; (b) the measurement of destruc- 
tive deformations that may be inflicted upon the 
soil, should it be tilled when it is excessively 
dry or wet and excessive compaction of individual 
genetic horizons, resulting from working the 
soil, or from natural conditions. 


6) To estimate the erodibility and other 

physical soil properties, are closely related 

to its hardness. Thus, for instance, Keen (15), 
Kachinskiy (11, 13, 14), Shchukin (23), and later 
Kikvadze (16, 17), Morozov (19), Bakhtin (2), 
and others, proved that there is a high correla- 
tion coefficient between soil hardness and its 
specific resistance during plowing, moisture 
content, structure, etc. 


The foregoing shows that hardness measure- 
ments are of great technological importance to 
the working of soil, An extensive study in this 
field was started at the V. V. Dokuchayev Soil 
Institute, Academy of Sciences, USSR, by A.S. 
L'vov in 1940, at the suggestion of N. A. Ka- 
chinskiy, which was continued by us starting in 
1946, The hardness meters ("penetratometers") 
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of V. P. Goryachkin (23), Kachinskiy (11), Golu- 
bev (5), Revyakin (21), and Vysotskiy (4) were 
used in the study. 


The soils studied included: 1) fine clay 
loam ordinary chernozem, found normally in 
terraces, chernozem-like meadow-solonetz, 
solonetz and saline soil of the irrigated Kutuluk 
District, Kiybyshev Oblast'; 2) meadow-steppe 
fine and medium clay loam leached chernozem, 
and meadow chernozem of the Shadrinsk and 
Kurgansk experimental stations. The studies 
were conducted from 1940-1956. 


Let us examine the data obtained in the irri- 
gated area along the Kutuluk River, where com- 
plex studies were conducted by the Academy of 
Sciences, USSR, part of which comprised stud- 
ies on the physical and mechanical properties of 
the soil. 


Observations were made on genetic horizons 
of the foregoing soils, of five different moisture 
contents. 


A short morphological and physical and 
chemical description of these soils is given be- 
low, based on data obtained by Novikov (20) and 
Kocherina (18), 


Profile 2003. Ordinary chernozem froma 
terrace, slightly eroded (lower field, stubble). 
This soilis prevalentinthearea, The average 
thickness of the A, horizonis 29 cm, varying from 
25-36 cm and that of the A+B, horizon,52 cm. The 
soil effervesces at a depth of by cm. The greatest 
accumulation of carbonates is found at a depth of 
85-105cm. Thetexture is that of a fine clay loam 
with coarse silt and clays (the physical clay con- 
tent ranges from 54%-76%). These chernozems 
contain 5.5%-7% of humus. The total amount of 
exchangeable calcium and magnesium in the A, 
horizon varies from 38-52 meq. The blocky- 
granular structure and high humus content contrib- 
ute to the good agronomical properties of these 
chernozems. 


Profile 2014, Terrace Ordinary chernozem, 
weakly solonetzic, showing evidence of saliniza- 
tion (fallow). The B, horizon shows weak signs 
of salinization, expressed by slight compaction. 
The structure of the soil is coarse, angularly- 
blocky, with a slight slickness on the faces of 
its structural units. Salinization is expressed 
by the presence at a depth of 60 cm of white 
salt (Na,SO,). 


In contrast to Profile 2003, the physical 
clay content of Profile 2014 decreases to 32%- 
38% in the layer from 0-45 cm, so that it may 
be classified as a medium clay loam, accord- 
ing to its texture. 


Profile 2007 (or according to Novikov (20) , 
7-44), Chernozem-like solonetzic meadow soil. 
The Kutuluka solonetz depression is virgin land 
(pasture). This type of soil is also common in the 
area. It belongs tothe initial stage of formation of 
genetic horizons. Alltogether, the genetic hori- 
zons of the meadow soils of the Kutuluk region are 
15-20 cm thick. Below these horizons the soil- 
forming processes are weak, These are indica- 
tions of water-logging ata depthof50cm. The 
soil frequently effervesces atthe surface. The 
humus content varies greatly (between 5% and 
11%). The fine clay loam is compacted at the surface. 
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Profile 2008. Crust-columnar solonetz; 
virgin land. The A, horizon reaches a thickness 
of 4cm sod. The soil blocks break into plate- 
like units with differently colored surfaces (fine 
clay loam). The columnar B, horizon with silica 
powder reaches a depth of 17 cm. The individual 
lumps of soil formed on crumbling the columns, 
The B, horizon has a nut-like, lumpy structure, 
moist, compact and reaches a depth of 45 cm. 
The BC horizon is found at a depth from 45-95 
cm, It has a nut-like, lumpy structure and con- 
tains clay. This horizon is underlain by a layer 
with a texture which gradually becomes coarser 
with depth. The humus content varies from 4%- 
3% to a depth of 15 cm, decreasing sharply be- 
low (0.85% at a depth of 35-40 cm). 


The adsorption capacity in the upper 4 cm of 
the soil is 14 meq, and that from a depth of 
10-24 cm varies from 22-27 meq. The exchange- 
able sodium content in these layers is, respec- 
tively, 9% and 41%-47% of the total adsorption 
capacity. 


Profile 2013. The solonetz-solonchak is 
takyr-like, A pasture near Kutuluk settlement. 
Small patches of these soils with a bare yellow- 
ish white surface stand out against the vegeta- 
tion background. The takyr-like solonetz-solon- 
chaks have a thin (1-3 mm) whitish crust on the 
surface. The B, and B, sub-horizons are, more 
or less, distinct, while below them the soil pro- 
file is weakly differentiated. Because of the 
proximity of sub-soil water containing carbon- 
ate the HCl of these soils effervesces at the 
surface. There are large salt accumulations of 
a dirty-white color at a certain depth. Spots of 
organic matter are an evidence of oxidizing 
processes. At the surface the fine clay loam 
is lumpy, compacted, and breaks down into 
nutty structural units, At the depth of 10-38 
cm it is blocky and fine-grained, and more fri- 
able than at the surface. At a depth of 38-56 
cm it is first prismatic to blocky, and then 
lower, compact and blocky to prismatic. 


In using Goryachkin's hardness gage, the 
most representative data were obtained witha 
cylindrical plunger, having a cross-section of 
2cm?, Figure 1A and 1B show curves of the 
variations in hardness for terrace ordinary 
chernozem (Profile 2003 and 2014) in individual 
genetic horizons down to a depth of 50 cm. 


Figure 1A shows variations in hardness and 
moisture content of the soil before and after 
irrigating the lower stubble field. Before irri- 
gation the hardness of the soil at a depth of 
10-12 cm (Curve 3) reached 20-24 kg/cmz2, 
probably representing the layer compacted by 
agricultural machines. Below, to a depth of 
20 cm, the hardness decreased, At depths 
greater than 20 cm, hardness gradually in- 
creased to reach 48 kg/cm? at 50 cm. 


The first determination of hardness after 
irrigation gave the lowest value, reaching 15- 
16 kg/cm? at a depth of 10-12 cm. The second 
determination gave approximately the mean hard- 
ness value for the plowed layer, which was 
higher in the upper portion of the layer after 
irrigation than before irrigation (which is con- 
sidered natural when friable soils become more 
cohesive on being wetted). After wetting, the 
influence of the plow pan was not felt, 
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- Dynamics of soil hardness in genetic horizons as related to moisture content. 


A - slightly eroded, terrace ordinary chernozem (Profile 2003), stubble of spring 


wheat; irrigated on Sept. 6, (55-60 mm of water); 


B - terrace, slightly solonetzic 


ordinary chernozem (Profile 2014), black fallow; irrigated Sept. 2 and Sept. 9 (75- 


80 mm of water). 


Curves | and 4 hardness and moisture content determined Sept. 10 and Sept. 6; 


2 and 5, on Sept. 21 and Sept. 17; 
before irrigation Sept. 10 and Aug. 29. 


The hardness of chernozem gradually in- 
reases with depth, in our case to the depth of 
ie B, horizon, with certain deviations, which 
; attributable to wide variations in the distribu- 
on of moisture and organic matter as well as 
e actions of plant roots and burrowing ani- 
als. 


Figure 1B shows variations in hardness for 
similar, but weakly solonetzic chernozem of 
wrying moisture contents (Profile 2014, middle 
eld, fallowed). Hardness was determined 
fore irrigation (curve 7) and three times 
ter irrigation (Curves 4, 5 and 6). In the 
owed layer of 20 cm hardness was so small 
fore and after the first irrigation that it 
yuld not be measured by our hardness gages, 

t the time of second and third determinations, 
ter the soil had dried up, it increased slight- 

, varying in the plowed layer from 2-4 kg/cm?, 
slow 20 cm, maximum hardness was also 
corded before irrigation, reaching 36 kg/cm? 
urve 7), or slightly more than in the preced- 

g profile, as a result of a certain solonetza- 
on of the soil. 


Greater hardness was also observed during 
e first determination after irrigation because 
e water had not yet time to wet the soil below 
e plowed layer. Once the soil is moist, its 
rdness decreased to 10-17 kg/cm?. All cur- 
s for depths from 38-40 cm closely agree 
cause of the uniform moisture content and 
ndition of the soil. 


All curves in Figure 1 show a clear differ- 
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curves 


curve 6 on Sept. 10; curves 3 and 7, measured 


ence in the effect of agricultural practices (fal- 
low and stubble) on both profiles and also a 
close dependence of hardness on moisture. A 
gradual increase in hardness with depth is 
noted, 


Figure 2A shows hardness curves for cher- 
nozem-like solonetzic meadow soil (Profile 
2007). All together, five hardness determina- 
tions were made. 


A maximum hardness (of 50-60 kg/cm?) was 
recorded in the surface layer when dry (curve 
5) and a minimum of 14-16 kg/cm? during the 
first determination after irrigation (curve 1). 
On drying, hardness increased, By the time 
of the fourth determination (curve 4), hardness 
reached its initial value before irrigation, The 
deviation of third hardness test (curve 3), from 
the general trend, can, apparently be explained 
by the diversified nature of the field or by the 
delayed in the softening of the soil by the time 
the third reading was taken and rapid drying 
before the fourth determination. 


The dependence of hardness of soil moisture 
content is clearly defined. A sharp increase 
was noted in the hardness of the B, horizon, 
which is slightly solonetzic and, morphological- 
ly, has a columnar structure of a high compres- 
sive strength. A maximum hardness of 56-60 
kg/cm? was recorded at a depth of 25 cm. Below 
30 cm, i.e., in the B, horizon, hardness de- 
creases because the soil is less solonetzic. 


As in the preceding case, the hardness of 
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- Dynamics of soil hardness in genetic horizons as related to soil moisture 


content. 


A - chernozem-like, solonetzic fine clay loam 


meadow soil (Profile 2007), virgin land; 


B - crust-columnar fine clay loam solonetz (Profile 2008), virgin land; irrigated Aug. 


28 (100-120 mm of water). 


Curves 1 and 6 - hardness and moisture content measured after irrigations Aug. 30 and 
Aug. 31; curves 2 and 7, measured Sept. 5; curves 3 and 8, Sept. 13; curves 4 and 9, 


Sept. 27 and Sept. 28; 
before irrigation on Aug. 28. 


crust-columnar solonetz (Profile 2008) was 
determined four times after irrigation as the 
soil was drying. Figure 2B shows curves 
for variation of hardness with depths for each 
date, as well as moisture variations (left 
part of the figure). 


Crust-columnar solonetz shows consider- 
able hardness starting at a depth of 5 cm, that 
is at the "columns, '' which reaches 36 kg/cm? 
at low moisture content (curve 10). Ata depth 
of 10-12 cm there is a layer, which readily 
absorbs moisture and therefore has a sharply 
reduced hardness after wetting. Below 12-13 
cm all curves again show a sharp increase in 
hardness, reaching a maximum of 60 kg/cm? 
at a depth of 18 cm, whereby the moisture 
content of the soil decreases because of insuf- 
ficient wetting at this depth resulting from the 
lower permeability of the solonetz layer. 


The hardness readings clearly show the 
difference between curst-columnar solonetz 
and other soils, and also demonstrate the 
dependence of hardness on the moisture con- 
tent of the soil. 


Figure 3 shows hardness variations in indi- 
vidual genetic layers of takyr-like solonetz- 
solonchak (Profile 2013) in relation to moisture, 
Maximum hardness is found for the lowest mois- 
ture content before irrigation (curve 5), and the 
minimum, for the first reading after irriga- 
tion (curve 1), Takyr-like solonetz-solonchak 
is more easily penetrated by the penetrato- 
meter plunger than crust-columnar solonetz. 
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curves 5 and 10 - hardness and moisture content of the soil 


From the surface down to a depth of 12-15 cm 
hardness increases sharply to 45-55 kg/cm? 
and then remains constant to a depth of 50 cm. 
The accumulation of free salts between soil 
blocks apparently promotes their cleavage 
during the penetration of the rod to a depth of 
50 cm, which is not observed in the crusty- 
columnar solonetz (Fig. 2B). 


The Table gives numerical hardness data 
for the genetic horizons of the five soils studied 
to a depth of 50 cm. The numerators show hard- 
ness in kg/cm?, and the denominators, the ab- 
solute moisture content in percent. 


It may be concluded from Figures 1 to 3 
that hardness determinations, under the same 
conditions, clearly reflect the genetic differ- 
ences between various soils and their hori- 
zons, and also confirm the close relation be- 
tween the hardness and moisture content of 
soil, According to our data, obtained in 1946 
(2) for terrace ordinary chernozem (Profile 
2003), the reciprocal correlation coefficient 
between hardness and moisture content is 
very high, reaching 0.93-0.96, when the cy- 
lindrical plunger of Goryachkin's hardness gage 
is used, and 0.99, when Kachinskiy's hardness 
gage is used. Thus, this correlation is close 
to a functional dependence. Our hardness de- — 
terminations allowed us to make certain con- 
clusions on methods and depth of mechanical 
soil cultivation (Fig. 4, A and B), 


Hardness was determined at the Shadrin ex- 
perimental station (Fig. 4A) with a Revykin- 
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Fig. 3. - Hardness dynamics of takyr-like solonetz- 
solonchak, determined in genetic horizons in relation 
to moisture content (Profile 2013), virgin land. 


Curve 1 - determination of hardness and moisture on 
Aug. 13; Curve 2 - on Sept. 5; Curve 3 - on Sept. 
13; Curve 4 - on Sept. 28; Curve 5 - before irri- 


gation. 
odel (21) hardness gage. This gage consists rotation (curves 3 and 4) and having been worked 
a rod 50 cm long and a cylindrical plunger at the surface, rapidly compacts after deep plow- 
cm? in cross sectional area. The soil is ing (curves 5 and 6). The fourth year after it 
leached, meadow chernozem containing fine had been in crop, it reaches the hardness of 
ay loam. The A+B, horizon is 50-60 cm sodded virgin land (curve 8) after deep plow- 
ick (1). The humus content was 7%-12%. ing. When T.S. Mal'tsev's method of cultiva- 
igure 4 shows the difference in the hardness tion is used, a sharp increase in soil hardness 
the soil when plowed deeply without a mold- and, consequently, density is noted from the 
ard (curve 1) and when plowed in the usual beginning to the end of the rotation. Under nor- 
anner with a moldboard (curve 2). mal cultivation, or annual plowing to a depth of 


20-22 cm, the range of soil hardness and den- 
It can be seen that the soil, having beenunder crop sity variations is two times as small from spring 


Table 1 


Dynamics of hardness of different genetic horizons of various soil groups in the Kutuluk 
solonetz depression. V. P. Goryachkin's hardness gage ("penetratometer"). Cylindrical 
plunger 2 cm? in cross section. Hardness expressed in kg per square cm. 


Date Depth at which hardness was measured, cm 


Soil and land use of 
test | 5 | 10 | 18 | 20 | 25 | 30 | 35 | so | 45 | 50 
Anlowee—20 A; 20—32 By 32-24) 
Terrace fine clay xa 8,5” 17,0 21,0 21,0 31,0 39,9 | 32,0 | 43,0°]50,0] 45,5 


loam ordinary cher- |10.IX"l79° |~3.5|~8,0 [18,5 | 10,0| 12,0| 12,0 | 12,0] 12,0| 12.0 
nozem, slightly {4 9 ; ’ 
eroded stubble. Pro-ly, rx 8,0 | 13,0] 14,5 20,0 | 22,0 | 26,0] 30,0 | 46,0] 46,0] 56,0 
file 2003 : 25,0 | 24,5] 22,0 /418,0}15,0)412,5 O20) 12, Oe A250: 
19,2 ,5 [31,5] 31,5] 46,0 

0 


dl 
18,0 LORS GQ) 2 ’ 21,0 28,0 3 yee. = a 
1 1250)| 1250))) 1200 


sls peleedy. | veerirsy peau tie 4 
east 18,8 9,5/419,5/18,0 | 16,0 | 13,0 
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Table 7 continued 


Date Depth at which hardness was measured, cm 
Soil and land use of 
test s | 1 | 1s | 20 | 25 | 90 | 35 | 4 | 45 | 50 
Aplow@a-20 A, 20—835 | By 35—45| Bz 45—50 
Terrace fine clay al 0,5) 0,5] 0,5| 6,5] 27,0] 32,0] 34,0] 32,5 | 34,0 [35,0 


loam ordinary aneke 29. VIII RATATAT TA I Fee ; 

oes 5.0 8,0] 10,0] 11,0| 12,0| 12,5 | 12,5| 12,5] 12,0|12,5 
solonetzed May 61x 0,5 0,5] 0,5] 0,9 Y 
fallow. Profile : 19,0 |13,0] 14,0] 11,5] 12,5] 12,0] 12,0| 12,0] 12,0/12,0 
oe 2.0 | 3,0] 3,0] 6,5|10,0| 42,0] 23,5 | 34,5 | 40,0|40,0 


17.IX ls 5 | 94,0] 34,0) 24,0 | 23,5| 20,0| 15,0| 13,0] 11,5 [11,5 


10.X 1576 | 36,0| 24,0| 21,0| 18,0| 16,0| 15,0| 13,0! 12,0 |12,0 


AOSA A ea00 B, 20—37 Bs 37—50 
a 36 4 45 of 60 Spring was compressed 
Chernozem-like 28. VIII" }5— 7 1S. 71 On 4G to the limit 
fine clay loam 
ce ps Sn pi ene 14,0 | 16,0] 13,5} 43,5] 18,0] 18,0|18,5) — 10,0 
gin land. Profile 80. VIII /37°6  | 21,0] 20,0] 20,0] 18,0| 41,5 | 10,0] 10,0 i0, 0 
2007 19,0 |26,0|27,0| 27,0] 26,0] 24,0| 24,0] 24,0] 24,0124,0 
5.IX [97,0 | 19,0] 17,0| 16,0| 15,0 | 15,0 | 14,0 | 13,0 | 13,0 |13,0 
22 Ome 22e 0) oO Ata OnoORO Spring was compressed 
13.I1X {7,0 | 20,0] 20,0! 19,0] 16,0 to the limit 
15,5 |36,0/50,0| 49,5] 48,0| 51,0] 43,5] 42,0/| 42,0 42,0 
27.1X |30 |41,5| 14,51 16,2 | 18,0| 19,0| 19,5 | 20,5| 20,0 |20,0 
my Bi 4—17 Se a ea a 
a4 45 |62 
Crust-columnar 28 VIC ao | Gu = Spring yes) COME ed to 
fine clay loam 4.0 6.0156,0] 64.0 e limi 
solonetz. Virgin pa SESS ml ene aldesyl lie LS , 
land. Profile 008 [S4+V HI |33,6 26,0) 25,5] 13,0 ' 
13,0 |~4,5] 48,0] 56,0 
5.IX 1305 | 21,0] 18,0] 17,0 i 
12,5 | 7,0156,0164,0 - 
13.1X 1756 !44,5|13,5| 10,5 
_ |22,0 | 46,5] 20,0] 56,0 i 
28.1X 1185 |17,0| 15,0| 13,0 
Layer 4, 
0—10 Layer 2, 10—38 panies 
42, 44 |38 39 | 40 | 40 | 55 | 60 | 60 
Takyr-like fine 28. VII — |r ae abehed eee, ota Wy ec ay the 
aay loam solonetz 5 7 10 M2 AS hed Gen o | 14 | 14 


solonchak. Virgin 


land, Profile 2013 31. VIII 3,0 —— | ___| Spring was compressed to the limit 


30,0 
12,0 
9,5 |37,0| 46,0] 44,5 | 46,0] 46,0 
12,0 
19,0 


SIX 175 11,5| 12,5 | 12,0| 12,0 me ae 
pe aie 46,0} 44,0 46,0] 42,0] 38,0) 42,0] 48,0) 54,0 
'* | 75,0 | 13,0| 11,0] 10,5 |11,0| 14,5 | 12,5| 14,51 1 5| 11,0 
17,5 | 28,0] 48,0] 60,0 
Pesca | ec Wea | a S 
271 Xa) Tz OPO) UOIS | TORO MMe da ees 1-4 teemiataenene 


4Before irrigation; later dates — after irrigation. 


bNumerator stands for hardness; the denominator, for soil moisture content. 


Note: Comma represents decimal point. 
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HARDNESS DYNAMICS 
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to summer, and the hardness value itself is two 
times smaller than under two-or three-year old 
crops sown on disc-harrowed field. 


A similar dependence of soil hardness and 
method of cultivation is found for the meadow- 
steppe leached, medium clay loam chernozem 
of the Kurgansk experimental station, which 
can be seen from Figure 4B. These soils 
contain less humus (about 6%-8%) than those 
at Shadrin station. 


Large differences were noted in the hard- 
ness of soil with deeply plowed fallow and under 
wheat (curves 9, 10 and 11). At the Kurgan 
experimental station the soil is loosened once, 
instead of twice as at the Shadrin station and 
the hardness of soil after the 4th year of crop 
rotation on non-plowed harrowed soil (curve 14), 
The hardness of the soil in a field with spring 
crops after fall plowing and in normal fallow 
(curves 12, 13) is medium and practically does 
not change from year to year, which creates 
more stable conditions for agricultural crops and 
for various methods of cultivation, 


It was noted in 1953 that the normal (20-22 
cm) deep plowing and disc harrowing to a depth 
of 6-8 cm of a perennial grass sod had differ- 
ent effects on soil hardness, not only on the 
quickly drying upper horizons, but also on the 
underlying horizons. After normal plowing 
the soil is less hard and more moist than after 
disking. 


We noted that, when fields were disc-har- 
rowed, only without plowing prior to sowing, 
many spots with yellowed wheat plants appeared, 
In order to determine the causes of this phen- 
omenon, we measured the hardness of the soil 
in various parts of the field to a depth of 15 cm 
by means of Ryvkin's (21) small hardness gage, 
with a plunger 1 cm? in cross sectional area. It 
was found that where plants developed poorly, 
the hardness of the soil increased to such limits 
that the hydrological and physical properties of 
the soil deteriorated. Where the plants were in 
good shape, the soil was some times twice 
less hard than under the spots with the wilted 
plants. 


These data were obtained from soil hardness 
measurements repeated 100 times, and confirmed 
by investigations in many fields. We may be 
told that poor plant growth may also be caused 
by other, more basic, physiological factors as, 
for instance, solonetzic soil, uneven precipita- 
tion distribution on a field which is tilled to a 
shallow depth, so that the role of microrelief in 
the distribution of precipitation increases, etc. 
We do not deny this, however, the foregoing 
factors affect an increase in soil hardness, 
thus further aggravating the unfavorable condi- 
tions for plant growth. 


Conclusions 


mete used a physical-mechanical approach 
in evaluating the genetic and agricultural prop- 
erties of soil. 


2. A high reciprocal correlation was found 
between the hardness and moisture content of 
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the soil, i.e., a decrease in hardness with an 
increase in moisture, as measured in individual 
genetic horizons. The correlation coefficient 
for the A,, B,, B, and B, horizons reaches, in 
the majority of cases, 0.80, 0.95 and even, in 
certain cases, 0.99, which indicates that the 
correlation is close to a functional dependence, 


3. Terrace ordinary chernozem in the Middle 
Volga region (Kutulsk), meadow-steppe cherno- 
zem and meadow-chernozem-like soil of Kurgan 
Oblast! have the lowest hardness, which ranging in 
the plowed layer when its moisture content is 8%- 
35%, from 2-30 kg/cm? (after being plowed and when 
compacted). Then follow chernozem-like solonetz- 
ic soiland solonetzic chernozem. (Kutuluk), the 
hardness of which in the dry state may reach 50 kg/ 
cm?, 

The hardest soils are solonetz-solonchak 
and, especially, crust-columnar solonetz. The 
hardness of the columnar layer of the latter at 
a moisture content of 10%-15%, reaches 60 kg/ 
cm? and more, 


4, It was noted that excessive hardness has a 
depressive effect on the development of plants. 


It is estimated that during the initial phases of 
growth of grain crops, the hardness of the soil 
should not exceed 5-8 kg/cm? when the moisture 
content is between 18% and 25%, while in the 
middle of the growing season, when the mois- 
ture content is somewhat lower, it should not 
exceed 20-25 kg/cm?, A hardness of more 
than 25-30 kg/cm? must be considered harmful 
to plants. A very hard soil accumulates and 
stores less precipitation than a soil of medium 
hardness. 


For cultivated row crops the hardness of the 
plowed layer should not exceed 5-8 kg/cm? during 
the entire growing period. 


5. It is recommended that hardness gages be 
used at experimental stations of kolkhozes and 
sovkhozes for control observations on various 
methods of soil cultivation and plant care. 


Received February 9, 1959 
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CLASSIFICATION OF ALLUVIAL SOILS OF THE VOLGA-AKHTUBA 
FLOOD-PLAIN AND THE VOLGA DELTA 


A. A. POPOV, Southern State Institute for the Planning of the Water Economy and Meliorative 
Construction 


In relation to the problem of the agricultural of these soils to this day, which makes the soil 
reclamation of the land in the Volga-Akhtuba melioration investigations and the use of the ma- 
flood-plain and the Volga delta, the Southern terial obtained in earlier work difficult. 

State Institute for the Planning of the Water 

Economy and Meliorative Construction began The flood-plain soil class} ication submitted 
soil-melioration investigations with the object for discussion was compiled~ on the basis of 

of compiling a large-scale soil melioration map soil melioration Peete conducted by the 
of the Volga-Akhtuba flood-plain and the Volga Southern State Institute for the Planning of the 
delta. The results of the investigations will be Water Economy and Meliorative Construction 
used for assessing the land which can be re- from 1958-1959 on a series of key areas in the 
claimed in this area, for selecting areas to be Volga-Akhtuba flood-plain and the Volga delta. 
irrigated, and for substantiating and working Work conducted previously by various in- 

out a rational system of meliorative and agri- vestigators in this area was taken into account. 


cultural practices. 


The subdivision of salinized soils into 
The soils of the Volga-Akhtuba flood-plain 


were studied by many investigators (1, 2, 8, 10, 
11). However, there is no unified classification ‘At the consultation and approval of Ye. N. Ivanova. 


Table 1 


Classification of flood-plain saline soils of the Volga-Akhtuba flood plain 
and the Volga delta 


Division of soils by the | Depth at which 
depth at which salt was salts were 
found found 


Division of soils by the Solid 
magnitude of the solid residue, 
residue l 


Solonchaks 


Salts from the 
surf.to 5 cm 


Salts at adepth 
from 5-30 cm 


Solonchaks Ss 45 


Soils solonchak-like at 
the surface 


Weakly solonchak-like at surfac 
Moderately solonchak-like at th 


0,25—0,5 


surface 0), 5—al 
Strongly solonchak-like at the 
surface 4{—1,5 
Solonchak-like Salts at adepth | Weakly solonchak-like On25= 085 
from 5-30 cm | Moderately solonchak-like ORS 24 | 
and deeper Strongly solonchak-like = 4 
Solonchakized Salts at adepth | Weakly solonchakized 9). (=O. 
from 30-80 cm.] Moderately solonchakized 0 mee 
Strongly solonchakized “s 4 
Deeply solonchakized Salts at a depth | Deeply weakly solonchakized On25= 0a 
from 80-150 cn} Deeply moderately solonchakize@ 9 54’ 
Deeply strongly solonchakized Ss 4 


——____ 


Note: Comma represents decimal point. 
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VOLGA-AKHTUBA FLOOD-PLAIN SOILS 


‘ieties according to the depth at which water- 
uble salts were found and the degree of 
inization (saline horizons) was performed on 
‘basis of a classification worked out es- 
sially for the conditions of the Volga-Akhtuba 
od-plain and the Volga delta (Table 1). Soils 
h a solid resiude of less than 0.25% at a 

th from 0-150 cm (along individual horizons 
eit layers) belong to not salinized 
Is, 


We recommend that the degree of saliniza- 
n of individual saline horizons be first de- 
mined visually in the field from the amount 
visible water-soluble salts. The accepted 
ual subdivision according to the degree of 
inization, for instance of solonized soils, is 
following: a) weakly solonchakized—salts at 
epth from 30-80 cm in the form of individual 
all spots and streaks; b) medium solonchak- 
d—salts at a depth from 30-80 cm in the form 
lumerous spots, streaks and efflorescences; 
strongly solonchakized—salts at a depth from 
‘80 cm in great amounts and in all morpho- 
ical forms. 


Visual determinations are periodically 

cked against analyses. The type of saline 

ls, parent materials and ground waters is 
Sone on the basis of Lebedev's classifica- 
TO) e 


Depending on the content of adsorbed sodium 
cording to Antipov-Karatayev), the soils are 
divided into non-solonetzized (less than 5% 
xxchangeable sodium of the total adsorbed 
ions) weakly solonetzized (5%-10%), medium 
ynetzized (10%-15%) and strongly solonetz- 
1 (15%-20%). 


The soils are subdivided according to texture 
onformity with the widely-accepted classifica- 
. of Kachinskiy (7), based on the texture of the 
er 0.5 m of the soil profile. If the texture 

ies in this layer, the designation of the soil 
sists of two terms (for instance, medium 
7loam on sand). The first term relates to 
texture of the upper part of the profile (the 

er genetic horizon, or the plowed layer), and 
second, to the underlying genetic or litholo- 
11 horizons (under the plowed layer). Data on 
texture of the 50-100-cm, 100-150-cm and 
-200-cm layers are shown for the given 

srs in the form of individual lithological maps. 


The accepted division according to the degree 
10isture and the distribution of gley horizons 
i the profile is the following. 

A. Surface wetting 


) surface-water gley—gleyed from the sur- 
- down to a depth of 80 cm; 


) surface-water gleyized—gleyed from the 
ace down to a depth of 30 cm; 


) surface-water deeply gleyized—gleyed at 
pth from 30-80 cm. 


B. Groundwater wetting 


) groundwater gley—gleyed from the surface 
le ground-water table; 
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b) groundwater gleyized—gleyed from a 
depth of 30-80 cm to the ground-water table; 


c) groundwater deeply gleyized—gleyed from 
a depth of 80-150 cm to the ground-water table. 


According to the thickness of the humus A 
horizon (A + B), soils are divided into: 


a) very shallow, 10-20 cm; 
b) shallow, 20-40 cm; 
c) moderately thick, more than 40 cm. 


The following three groups of flood-plain 
soil are distinguished in the area of the Volga- 
Akhtuba flood-plain and the Volga delta: 


I. Flood-plain meadow soil group 
Major systematic units (subgroup and genus): 


Subgroup 1. Recent alluvial deposits (A, ) 
2. Flood-plain alluvial primitive 
meadow (A,) 
3. Flood-plain alluvial-meadow 
(A,) 


Genera 1) Flood-plain alluvial-meadow 
2) Flood-plain alluvial-meadow 
solonchakized. 
yee eg 4. Flood-plain forest meadow 
M 


5. Flood-plain meadow dark 
colored (MD) 
Genera 1) Flood-plain meadow dark 
2) Flood-plain meadow dark 
solonchakized 
3) Flood-plain meadow dark 
solonetzized 
Subgroup 6. Flood-plain meadow dark 
stratified (MDS) 
Genera 1) Flood-plain meadow dark 
stratified 
2) Flood-plain meadow dark 
stratified solonchakized 
Subgroup 7. Flood-plain meadow dark 
steppe -affected (MDSt) 
Genera 1) Flood-plain meadow dark 
steppe -affected 
2) Flood-plain meadow dark 
steppe -affected solonchakized. 


Recent alluvial wee (A,) are located 
along the Volga an uba Rivers and occupy 
the youngest portions of the flood-plain, such as 
sand bars and beaches. In the Volga delta re- 
cent deposits are located in the peripheral por- 
tions of young islands and seashore ridges. The 
morphological indices of the recent alluvial de- 
posits are stratification, loose consistence and 
the absence of even the most slightly developed 
surface humus horizons. There is no vegeta- 
tion. Texturally these deposits are sandy loam 
and sandy. 


When vegetation becomes established on 
recent alluvial deposits they evolve into flood- 
plain alluvial primitive-meadow soils. 


Flood-plain alluvial primitive -meadow soils 
(A,) were formerly called alluvial-accumulative 
Th, alluvial-stratified (10) and poorly developed 
meadow soils (1). They are distributed along 


river banks in the portion of the flood-plain near 
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the river and elevated areas at the periphery of 
islands in the delta under sedge-grass vegeta- 
tion (sedge, cinquefoil, licorice, and others). 
The ground-water table during its low period is 
located at a depth of 3-4.5 m. 


The major morphogenetic indices are: there 
is no differentiation into genetic horizons; the 
humus A horizon is light-gray, structureless, 
up to 10 cm thick and changes abruptly into 
stratified alluvium of a corase texture; sod is 
either nonexistant or poorly defined; the soils 
do not effervesce and are not salinized; the 
humus content in the A horizon varies from 1.5% 
-0.5%. Texturally this soil is sandy and sandy 
loam. Under the influence of grasses this soil 
evolves into flood-plain alluvial-meadow soil (1). 


Flood-plain alluvial-meadow soils (A,) were 
formerly called meadow (10), accumulative -sod 
(11) and meadow-sod stratified soil (1). They 
are found in the small-ridge central flood-plain, 
on the ridges of the large-ridge flood-plain near 
the river and in elevated areas of islands in the 
delta under grass-mixed herb vegetation (couch 
grass, brome, spurge, licorice and others). 
Brome is not found on saline soils in the flood- 
plain and in the delta. The ground-water table 
during its low period is located at a depth of 
2.9-3.5 m. The principal morphogenetic in- 
dices are: the humus A horizon, 10-40 cm 
thick, is characterized by a gray, light-gray, 
grayish-brown color and a blocky, silty-blocky 
and sometimes blocky-granular structure. Sod 
is more or less developed from the surface 
down. The humus content in the A horizon is 
1.5%-2.5%. The humus horizon abruptly (but 
not always) changes into stratified alluvium of 
varying texture. Buried humus horizons are 
frequently found. These soils sometimes con- 
tain carbonates in the form of concretions or 
white specks at a depth below 0.5m. Carbonate 
accumulations effervesce in places. The texture 
of the humus horizon is that of coarse and 
medium clay loam and rarely fine clay loam. 
The total exchangeable cations in the humus 
horizon varies from 15-40 meq. The soil ad- 
sorption complex is saturated with calcium and 
magnesium. The ratio of calcium to magnesium 
in the upper horizon is from 4-5, 


Flood-plain alluvial-meadow solonchakized 
soils contain salts at various depths in the form 
of efflorescences and interlayers. These soils 
are subdivided into strongly solonchakized, 


solonchakized, and solonchak-like at the surface. 


i evolve into flood-plain meadow dark soils 
1): 


Flood-plain forest-meadow soils (FM) were 
formerly called meadow-sod-forest soils (1). 
They are found on the ridges of the large-ridge 
peripheral flood-plain and elevated areas at the 
periphery of the central valley and gently sloping 
ridge flood-plain under forests of the park type 
with a thick herb vegetation. Forest’ vegetation 
is represented primarily by oaks and elms and 
meadow vegetation by couch grass, brome and 
others. The ground-water table during its low 
period is found at a depth of 3-4.5 m. 


The soils have a characteristic dark-gray A 
horizon up to 20 cm thick with a well-defined 
granular, granular-nutty, blocky-granular 
structure and a cinnamon-brownish-gray (dark 


gray) B horizon up to 50 cm thick with a blocky - 
nutty structure changing into stratified alluvium 
of a coarse texture. The humus content in the 

A horizon is 3%-7% and that in the B horizon, 
2%-3%. There is no effervescence and saliniza- 
tion along the entire profile. The adsorption 
complex of the soil is saturated with calcium and 
magnesium. The ratio of calcium to magnesium 
in the humus horizon varies from 4-5. Textural- 
ly these soils are clay loams and clays. 


Flood-plain meadow dark soils (MD) were 
formerly called granular sod-meadow (11), sod- 
meadow (10) and dark meadow (1) soils. They 
are found on ridges and ridge-like elevations of 
the gently ridged inner (central) flood-plain and 
in elevated areas in valleys of the delta under 
couch grass and brome-couch grass associa- 
tions. The ground-water table during its low 
period is found at a depth of 2.5-3.5 m. 


The major morphogenetic indices of these 
soils are: a profile clearly differentiated into 
genetic horizons. The humus A horizon, which 
is up to 25 cm thick, is characterized by a dark- 
gray color and a granular, blocky-granular 
structure. There is 3-8 cm thick sod at the sur- 
face. The humus B horizon is dark-gray, some- 
times with a brownish tinge, of a blocky, blocky- 
granular, and blocky-nutty structure gradually 
changing into the grayish-brown C horizon. 


The thickness of the humus A +B horizon 
varies from 35-70 cm. The humus content in the 
sod varies from 3%-8%, in the A horizon, from 
2%-3.5%, and in the B horizon from 1%-2%. The 
humus content gradually decreases with depth. 


These soils usually contain carbonates in their 
lower part in the form of concretions and dif- 
fuse white specks. They effervesce from a 
depth of more than 0.5 m in places where there 
are accumulations of carbonates. 


The total exchangeable cations in the humus 
horizon varies from 25-40 meq, depending on 
texture. The adsorption complex of the soil is 
saturated with calcium and magnesium. The 
ratio of calcium to magnesium in the upper part 
of the profile varies from 3.5-5, 


Flood-plain meadow dark solonchak-like 
soils contain salts in the form of efflorescences 
and streaks at various depths. These soils are 


subdivided into strongly solonchakized, solon- 
chakized and solonchak-like soils. 


Flood-plain meadow dark solonetzized soils 
are strocly compacted, fissured and have a 
well-defined prismatic structure. The adsorp- 
tion complex of the soil is saturated with calci- 
um, magnesium and more than 5% of the total 
exchangeable capacity is sodium. The texture | 
of the soil is that of fine clay loam and clay loam. 


Flood-plain meadow dark stratified soils (MDS) | 
are found in the inner (central) valley flood-plain 
(often having a microhilly relief) under asparagus- 
Heleocharis eupalustris-couch grass andaspara- 
gus spurge-couch grass associations. The ground- 
water table during its low period is locatedata 
depth of 2-3.5m. The soils are characterized by 
the presence of sod 2-6 cm thick anda humus A 
horizon 10-15 cm thick of a dark-gray color and 
a granular, blocky-granular structure. The A 
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lorizon gradually changes into the compact 
stratified), fissured, dark bluish-gray B hori- 
on 35-70 cm thick with a lumpy or blocky- 
umpy structure. The profile is weakly gleyed 
bluish color).: The humus content in the sod is 
B to 4%-7%, that in the humus A horizon, 1.5% 
3% and that in the B horizon, 1.5%-1%. The 
mount of humus gradually decreases with 
lepth. The soils are deeply humified, the 
lumus content at a depth of 1 m reaching 0.8%- 
).5%. Carbonates in the form of diffuse white 
specks and concretions are found in the lower 
lorizons. 


The middle part of the profile of these soils 
s gleyed. The clay fraction (particles <0.001 
nm in diameter) in the B and BC horizons 
‘eaches 50%-55%. Texturally the soils are 
-oarse clay and clay. 


The total exchangeable cations varies in the 
\ horizon from 30-40 meq and in the B horizon 
rom 40 to 50 meq per 100 gm of soil. The ad- 
;orption complex of the soil is saturated with 
alcium and magnesium and contains exchange - 
ble sodium but not more than 5% of the total 
xchange capacity. In contrast to the meadow 
lark soils (not stratified), meadow dark 
tratified soils are characterized by a some- 
vhat higher content of exchangeable magnesium. 
The ratio of calcium to magnesium in the A 
iorizon varies from 3.5 to 4 and in the B hori- 
on from 3 to 3.5. 


Flood-plain meadow dark stratified solon- 
hakized soils contain salts in the form of ef- 
lorescences and streaks. They are divided in- 
o strongly solonchakized, solonchakized and 
olonchak-like soils. The strongly solon- 
hakized and solonchakized varieties pre- 
ominate; solonchak-like soils occur compara- 
ively rarely. 


Flood-plain meadow dark steppe -affected 
oils (MSE) are found in areas ot the flood- 
Iain and the delta which had been banked but 
ot irrigated for 5 to 7 years. Steppe-affected 
oils are most widely distributed (according to 
ata of Vladychenskiy, [1]) in the area of oxbow 
akes near the delta, where the transition toa 
teppe is associated with a deteriorating mois- 
ure regime as a result of the regulation of the 
‘olga River and the displacement of meadow 
egetation by steppe vegetation. 


Steppe-affected soils are characterized by a 
ghter color of the humus horizon, compaction 
nd fissuring. As a result of the change from 
eduction to oxidation processes, the formerly 
leyed soil horizons assume the rusty color of 
srric hydroxide. The transition to a steppe is 
ccompanied, as a rule, by the mineralization 
f humus, the accumulation of carbonates and, 
‘the supply of mineralized ground water is suf- 
cient, salinization. 


Flood-plain meadow dark steppe-affected 
5lonchakized soils contain salts in the form of 
Hlorescences and streaks. 


II. Old flood-plain wet-meadow soil eroup2 


2Parlier this soil group was called Flood-plain- 
stuary (11) and oxbow-meadow (10,1). 
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Major systematic units (subgroups and genera) 


Subgroup 1. Flood-plain wet-meadow 
stratified primitive (MWSPT) 
2. Flood-plain wet-meadow 
(stratified) granular gley (MWSS) 
3. Flood-plain wet-meadow 
(stratified) gleyized (MWSS8) 
Genera 1) Flood-plain wet-meadow 
(stratified) gleyized 
3} Flood-plain wet-meadow 
(stratified) gleyized solonchak-like 
Subgroup 4. Flood-plain wet-meadow dark 
granular gleyized (MWD8) 
Genera 1) Flood-plain wet-meadow dark 
granular gleyized 
2) Flood-plain wet-meadow dark 
granular gleyized solonchakized 
Subgroup 5. Flood-plain wet-meadow dark 
gley (MWD8) 
: Genera 1) Flood-plain wet-meadow dark 
gley 
2) Flood-plain wet-meadow dark 
gley solonchakized 


Flood-plain wet-meadow (stratified) primitive 
soils (MW SPT} are found on river banks and on 
young islands under willow stands. The ground- 
water table does not drop deeper than 1.5-2 m. 
The profile is weakly developed. There is 
either no sod or the sod is weakly developed. 
The humus content is 0.5%-1.5%. The soils 
do not effervesce and are not salinized. Tex- 
turally they are sandy and sandy loam. 


Flood-plain wet-meadow (stratified) granular 
ley soils (MWLE} are found in depressions be- 
nee ridges in the large-ridge flood-plain near 
the river, in the gently sloping ridged and small- 
ridge inner flood-plain under Heleocharis-couch 
grass and sedge-couch grass associations con- 
taining sweet grass, lythrum and tuberous club 
grass. Soils form under conditions of more or 
less constantly wet by ground waters. The lat- 
ter are found at a depth of 1.5-2.5 m during their 
low period. 


The main morphogenetic indices of these soils 
are: well-developed sod at the surface, 5-10 cm 
thick; a humus A horizon, 15-35 cm thick, which 
is characterized by a gray, dark-gray, brown- 
gray color produced by ochre-rusty spots of 
iron hydroxide and a powdery-blocky, blocky- 
granular structure. In moderately thick varie- 
ties there is a transitional humus B horizon of 
a brownish dark-gray color and a blocky, 
blocky-nutty, granular-nutty structure. The 
humus horizon changes into gleyed bluish-gray 
stratified alluvium. The soils are often deeply 
humified, do not effervesce and are usually not 
salinized. The humus content in sod is 5 I-'1%y 
and that in the A horizon, 4%-2%. The texture of 
the soil is that of clay loam, fine clay loam, 
rarely coarse clay loam. 


Flood-plain wet-meadow (stratified) gleyized 
(MWSS8) soils are found in the delta in oxbow fakes 
and depressions between hillocks under couch- 
grass — Heleocharis, — sedge, cattail andreed 
associations with tuberous clubgrass, lythrum, 
reedgrass and other mixedherbs. Inthe flood- 
plain these soils are found in depressions between 
ridges. 


The soils form under conditions of excessive 
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surface - and ground-water wetting resulting 
from prolonged flooding and the stagnation of 
flood water. The ground-water table is located 
at a depth of 1.5-2.5 m during its low period. 


The major morphogenetic indices of these 
soils are: poorly developed sod at the surface; 
a gleyed humus A, horizon of a thickness of 
10-30 cm, characterized when wet by a bluish- 
black, dark-gray color and a nutty-blocky, 
powdery-blocky, or blocky-lumpy structure. In 
moderately thick varieities there is a transi- 
tional humus By horizon. 


There is a considerable number of rusty 
spots of iron hydroxide in the upper part of the 
profile. Asa rule, the humus Ag horizon ab- 
ruptly changes into less gleyed stratified al- 
luvium of varying texture. 


The soil is characterized by a sharp decrease 
in humus with depth. The A, horizon contains 
2%-4% humus. Shells are offen found in deep 
layers. The soils do not effervesce throughout 
most of the profile. 


Flood-plain wet-meadow (stratified) gleyized 
solonchak-like soils contain IER salts. 
They are subdivided into deeply solonchakized, 
solonchakized, solonchak-like and solonchak- 
like at the surface. Soils solonchak-like at the 
surface predominate. The texture of the soils 
is fine clay loam and clay. 


Flood-plain wet-meadow dark granular gley- 
ized soils (WDE) are found in Tat (and often 
wide) depressions between the gently-ridged 
central flood-plain and depressed areas of delta 
valleys where they form in conditions of con- 
tinuous ground-water moistening under lythrum 
and couchgrass—lythrum associations with 
Hierochloe, horse sorrel and tuberous club- 
grass. The ground-water table is found at a 
depth of 1.5-2.0 m during its low period. 


The soils are characterized by well-devel- 
oped sod, 5-10 cm thick, and a dark-gray 
humus A horizon, 20-30 cm thick, of a granular 
or blocky-granular structure. The transitional 
humus Bo horizon is 35-60 cm thick, has a dark- 
gray color with a bluish tinge and a blocky- 
granular or blocky-nutty structure. There are 
rusty spots of iron hydroxide in the profile. 

The lower horizons of these soils (BC, and C 
are gleyed, as a rule, and sometimes contain 
carbonates in the form of concretions and dif- 
fuse white specks. The soils do not effervesce 
throughout most of their profile. 


The humus content in the sod is 8%-14.5%, in 
the A horizon, 3%-4% and in the B horizon, 1%- 
2.5% The soils are deeply humified. They are 
saturated with calcium and magnesium and some- 
times contain exchangeable sodium, but not more 
than 5% of the total exchange capacity. They are 
fine clay loam and coarse clay in texture. 


Flood-plain wet-meadow dark granular gley- 
ized solonchakized soils contain salts in the form 
of efflorescences and streaks. They are sub- 
divided into deeply solonchakized, solonchak- 
ey solonchak-like and solonchak-like at the 
surface. 


Flood-plain wet-meadow dark gley soils 
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(MWD8) are found in deep depressions between 


ridges in the gently-ridged central flood-plain, 
depressed areas in valleys near the river 

and oxbow lake depressions in the delta. They 
form in conditions of excessive wetting resulting 
from the stagnation of flood water at the surface 
under Heleocharis, sedge, Heleocharis — sedge, 
and reed associations with lythrum, tuberous 
clubgrass, flowering rush, and other mixed 
herbs. The ground-water table is found at a 
depth of 1.0-2.0 m during its low period. 


The soils are characterized by poorly- 
developed sod, 5 cm thick, and a humus Ag hori- 
zon, 15-20 cm thick, which is bluish ~cray (dark 
gray) in color with rusty spots of ferric hy- 
droxide, and of a powdery-blocky, sometimes 
powdery-granular or blocky-lumpy structure. 
The transitional humus Bg, horizon, up to 40 cm 
thick, is gleyed, as a rulg, and is of a bluish- 
black color. The structure of the B horizon is 
blocky, blocky-nutty, or lumpy. The humus 
content in the sod varies from 5%-8%, that in 
the A, horizon, from 3%-4% and that in the By 
horizon, from 1.5%-1%. The soils are 
characterized by a sharp decrease of humus 
with depth. The adsorption complex of the soil 
is saturated with calcium and magnesium; the 
content of exchangeable sodium does not exceed 
5% of the total exchange capacity. The soils are 
fine clay loam and coarse clay loam. 


Flood-plain wet-meadow dark gley solon- 
chakized soils contain salts in the form of ef- 
florescences and streaks. They are subdivided 


into deeply solonchakized, solonchakized, solon- 
chak-like and solonchak-like at the surface. 


III. Flood-plain bog soil group 
Major systematic units (subgroups and genera 


Subgroup 1. Flood-plain clay-bo 
Genera 1) Flood-plain clay-bog tB) 

2) Flood-plain clay-bog solonchak- 

like at the surface. | 


Flood-plain clay-bog soils (B) are found in 
oxbow lakes, water a overgrowing with 
vegetation and excessively moist depressions 
under reeds, reed-cattail and cattail associa- 
tions, frequently mixed with arrowhead and 
flowering rush dn the flood-plain). The soils 
form under conditions of continuous excessive 
surface- and ground-water wetting. The 
ground-water table does not drop below 1 m du 
ing its low period. 


| 
| 
| 
| 


The major morphogenic indices of these soils 
are: remains of semi-decomposed and undecom 
posed bog vegetation at the surface; a humus A 
horizon which is gleyed, as a rule, and characte 
ized by a poorly defined blocky and sometimes 
powdery-granular structure. The humus con- 
tent in the A, horizon varies from 2%-4%. The 
amount of humus sharply decreases with depth. 
These soils do not usually effervesce. 


The total exchangeable cations in the humus 
horizon reaches 40-50 meq/100 gm. The ad- — 
sorption complex of the soil is saturated with 
calcium and magnesium and sometimes contains 
sodium, but not in excess of 5% of the total ex- 


VOLGA-AKHTUBA FLOOD-PLAIN SOILS 


ange capacity. 


Flood-plain clay-bog soils which are solon- 
ik-like at the surface contain efflorescences 
water-soluble salts in the layer from the 


rface to 30 cm down. These soils are fine- 
tured, fine clay loam and clay. 


Received May 13, 1959 
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CHARACTERIZATION OF THE PRESENT SALINE SOILS IN THE 


TEREK RIVER DELTA! 


S. P. SOKOLOVSKIY, Southern State Institute for the Planning of the Water Economy and 


Meliorative Construction 


The delta of the Terek River is an important 
agricultural area inthe Northern Caucasus, which 
has good possibilities for the development of vit- 
iculture, horticulture, field crops and animal 
husbandry. However, the land of the delta has 
been little utilized to this day. For instance, 
of the 1600 km? surveyed in the area of the Old 
Terek irrigated system, only 15%-20% is used 
under agricultural crops. The rest of the area 
is virgin land or abandoned and layland. The 
area of the Terek delta near the sea, which is 
occupied to a great extent by solonchaks and 
bogs, is especially little reclaimed. All these 
lands are most often used for pasture and ina 
small degree for hay. 


The natural conditions in the Terek delta 
are such that agriculture is concentrated almost 
exclusively on irrigated lands and still is of the 
layland type. As the soils become more sal- 
inized and water-logged, all new areas are put 
under irrigation. Cultivated soils are primarily 
put under grain crops. 


A very insignificant portion of the area is 
occupied by industrial crops, gardens and 
vineyards, For instance, a survey made by 
kolkhozes in 1955 shows that within the area of 
the Old Terek irrigation system 70% of the 
plowed area is occupied by grain crops, 10% by 
industrial crops, 7% by forage crops, 3% by vege- 
tables, 7% by gardens and less than 1% by vine- 
yards, 


In spite of irrigation, yield is generally low. 
In the comparatively good crop year of 1955 
the yield of winter wheat averaged 13 cntr/ha, 
that of corn, 4.3 cntr/ha,that of sunflower, 3.7 
entr/ha,that of potato, 35 cntr/ha,and that of 
grapes, 35.3 cntr/ha. It should be noted that 
senha varied for individual farms by 500%- 

or 


One of the main reasons for low yield and the 
low development of agriculture in the Terek delta 


1 The article was written on the basis of data of 
soil melioration investigations in 1954 by the Branch 
of the Southern State Institute for the Planning of the 
Water Economy and Meliorative Construction under 
the supervision of the author in relation to the develop- 
ment of a project for the reconstruction of the Old 
Terek irrigation system. 
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is the salinization and water-logging of soils. 
The development of these processes is caused on 
the one hand by the natural conditions of the 
delta and on the other hand by the nature of the 
existing irrigation farming. 


Certain Characteristics of Soil Formation 
in the Terek Delta 


Soil formation in the Terek delta, as in many 
other coastal deltas, is closely associated with 
the geological activity of rivers and the sea, As 
known, the Terek River carries a great amount 0 
sediment which settles for the most part in the 
delta. Asa result of the accumulation of allu- 
vial deposits, the beds of active catchments be- 
come unstable. During severe floods, the water 
breach the river banks and streams change cour: 
The old drainage pattern disappears and a new 
pattern forms in another area. 


This process is superimposed by the trans- 
gressions and regressions of the Caspian Sea. 
The advance of the sea caused a rise of the 
ground waters, an increase of their mineraliza- 
tion and the intensification of the salinization of 
soils. The retreating sea left numerous solon- 
chak lagoons and lakes, which to this day serve 
as the main source of salinization in the coastal 
zone of the delta. 


The influence of the river and the sea on the 
soil manifested itself primarily in the absolute 
age of the soils and the degree of their saliniza- 
tion. S.V. Zonn (1) distinguishes the following 
stages of soil formation in the Terek delta: 
shoals — bog — meadow — light chestnut. In 
addition, a transition from meadow soils to 
solonchaks often occurs according to the follow 
ing scheme: meadow (or bog) soils — meadow 
solonchak-like soils - solonchaks. In the coast 


the critical level. 


It must be noted that the development of soil! 
according to the first scheme with the forma- 
tion of light-chestnut soils is not typical for the 
Terek delta. Actually meadow soils are in 
various stages of becoming steppe-like. Even 
if soils are found which are similar to light- 
chestnut soils they are so non-typical that they 
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11d be called young or primitive. The last 
Jition indicates that the absolute age of the 
a soils is comparatively small. 


Three soil regions are distinguished in the 
ek delta according to the characteristics of 
soils: 1) central-delta, 2) alluvial-mari- 
e, and 3) coastal (Fig. 1). 


-entral-delta region occupies the upper part 
he delta, In this region the upper layer of 
materials to a depth of many tens of meters 
sists exclusively of material of alluvial ori- 

Therefore, it may be called the region of 
vial deposits. 


[Three sub-regions are distinguished in the 
a of the Old Terek irrigation system ac- 
ding to the relative age of the drainage 
ern: New-Terek, Old-Terek and Kuru- 
ek (Table 1). 


New-Terek sub-region is one of the youngest 
ions. It is still under the influence of flood 


dations to this day. At this time a consider- 
2 surface layer of fresh alluvial deposits 
accumulated here, on which young primi- 


ses 


Fig. 1. - Scheme of the soil meliorati 
Terek irrigation system (according to 
conducted by a Branch of the Southern 


tive alluvial-meadow and bog soils form. Sa- 
linization of ground water is least in this region. 
The mean content of salts in the upper 1 m is 
<0.5% (in solid residue) The area occupied by 
solonchaks does not exceed 5%. 


In the Old Terek sub-region the upper layer 
of soil material has not been renewed for a 


long time. Water flow is kept up by engineer- 
ing methods. This area has been under irriga- 
tion for a long time. The soils are predomin- 
antly meadow soils of varying degrees of sa- 
linization. Solonchaks and solonchak-like vari- 
eties occupy about 10% of the area. The mean 
area occupied by continuous solonchaks does not 
exceed 100 ha, An average of 1%-1.5% of salts 
is contained in the upper 1 m. 


Kuru-Terek sub-region is the oldest as far 
as the age of surface deposits is concerned. 
There is no active drainage pattern. Only old 
beds.and streams are encountered. This re- 
gion has been under irrigation the longest. In 
addition to meadow soils, a large area is occu- 
pied here by steppe-like meadow soils and soils 
undergoing transition to the chestnut group. The 
salinization of soils is higher. The salt content 


on regions of the area of the Old 
data from the 1:50,000 soil survey 
State Institute for the Planning 


of the Water Economy and Meliorative Construction in 1954). 


| - central-delta region; sub-region: 


Kura-Terek; 
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I] - alluvial-maritime region; 


a - New Terek, b - Old Terek, c - 
Ill - coastal region. 


S.P. SOKOLOVSKIY 


Table 1 


Principal indices of soil regions in the area of the Old Terek irrigation system 


Name of re- 
gions and Predominant soil group {gnd solon- ; 
sub-regions chak-like |solonchaks Level, m minerali- 
soils, ha 
alluvial-meadow and 
Terek bog soils 5 = often <1) 4——3 <0,5 
b) Old- meadow soils 11 100 {—3 0) {4.5 
Terek 
c) Kuru- meadow, steppe-like 
Terek meadow transitional 2 
and chestnut ig ee {| 200 | 1—3 | 3—s0 | 1—2,0 
Alluvial-maritime 
transitional to chestnut, 
solonchaks, meadow & 
solonchak-like soils Sil 1000 seo AQ 50) 1,0—2 
Coastal 
solonchaks and meadow y 
solonchak-like steppe- = 40—50 2 
[ like soils 86 10 thous.| about 5 |and more|and more 


Note: Comma represents decimal point. 


in the upper 1 m is 1%-2%. Solonchaks and 
solonchak-like soils occupy 20% of the area, 
whereby the mean area occupied by continuous 
solonchaks is 200 ha. 


Alluvial-maritime region is characterized 
by the development of strongly salinized allu- 


vial-maritime deposits. Solonchaks occupy about 
50% of the soil area. The salt content in the 
upper 1 m is 1.5%-2% and the mean area occu- 
pied by continuous solonchaks is about 1000 ha. 


Coastal region occupies a belt in the zone 
under the immediate Teac or which was 
recently under the influence, of the Caspian 
Sea. Dry lagoons, containing Caspian fauna in 
the soil material, are often encountered here. 
The degree of salinization of the upper 1 m is 
2% and more and solonchaks occupy more than 
80% of the area. Continuous solonchaks cover 
an area of 5-10 thousand ha, 


The effect of agriculture on soil formation in 
the delta is expressed primarily in the mainten- 
ance of the meadow regime as far as moisture 
is concerned. The area has been irrigated by 
"wild flooding" for a long period of time. Asa 
result, the ground-water table is found at such 
a level that upward capillary flow predominates, 
Moisture evaporation leads to the concentration 
of salts in the upper horizons and the intense sa- 
linization of soils. 


It must be noted that specific soils are found 
in gardens and vineyards. These soils have a 


considerably thick humus layer reaching 60-80 
cm and a high humus content (3%-5%) as a re- 
sult of deep cultivation (deep plowing) and 
fertilization, The humification of the upper 
and lower soil horizons is similar, 


As a result of prolonged exploitation in the 
absence of natural drainage, these soils are 
also salinized. Among them areas are some- 
times found which by their degree of saliniza- 
tion resemble solonchaks. The mean saliniza- 
tion of the upper 1 m is 0.5%-0.7%. The total 
area occupied by these soils in the Old Terek 
irrigation systems is 2000 ha (<1.5%). 


Salt Contents in Soils and their Chemistry 


The contents of easily-soluble salts in the — 
soils of the Terek delta, which accumulated 
during the process of delta formation, amount 
to many millions of metric tons. According to 
our calculations the salt content in the upper 2 
m is 46 million metric tons (1.08% by weight) 
in the area of the Old Terek irrigation system 
alone. The degree of salinization of various 
soils may be judged from Table 2. 


As Table 2 shows, the salt contents in vari- 
ous soils vary widely. Weakly salinized and 
practically not salinized soils contain in their — 
upper 2 m 50-120 metric tons of salt (0.2%- 
0.5% by weight), moderately salinized soils con 
tain 150-250 metric tons/ha (0.5%-1%) and solo 
chaks contain an average of 500-600 metric ton 
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Tabl 


Average saline soils in the area of the Old Terek irrigation system 


e2 


: dln Average salt content in the layer, meters =p 
Fs nese Bog 
ae | oNe in metric tons/ha }E#5.8 
: aged OAS eSaics 
Soils a 3 8 5 5 2 Sed 
2 |g 22 | 0-0,5 | 0,5-4 Bogs 
er 30 rablo 
eters vena r tte SR SS rf EW ued [iSive O86” 
| : 
Meadow-bog clay and 
fine clay loam 75,3 O90, 46 OV 47 | OroOuie29 225) 32) Ont oo), Oaleade 
Meadow solonetz-like and 
solonchakized clay and 
clay loam 485,4 | 122 |.0,38 | 0;59.1.0,69.| 24,4.1,39,6\|, 95,2.) 43 
Meadow solonchak-like, 
predominantly fine clay 
loam 70,6 29210; 97. AROS 2169) 6358 1871) ON oOXG 18 
' Meadow and alluvial-mead- 
ow clay loam, more rare- 
ly sandy loam 68,7 Da, 16 | 0, 24ee0r43nOtale Oeoet0s ml eet 
Solonchaks of the meadow 
group, primarily clay (203,4/ 60 | 1,94 | 1,90 | 1,50 |123,0 /127,0 |202,0 | 25 
Dry clay and clay loam 
solonchaks 242,6 682187) 27434 7241138 0 4s Oe 23000 ment 
Hilly solonchaks 21,8 100 .2,00 \o2- G0.) 2.08 iota! foe ot .u 28 
Takyr-like solonchaks O88, lig stave, 31 | 2,364) Pea 1140,08\1o9-onact, Onl od 
Soils under transition to 
light-chestnut of various 
textures 261,3 44 | 0,07 | 0,96 | 0,76 | 36,8 | 58,5 105,0 22; 
Deeply cultivated, irri- 
deny and clay loams| 21,4 SoalO,65 ¥O0;60 10,559] 413 143.50) 74a2 6 
Hilly sands, wind-blown F 
in places 23,1 Aint) 30 W407 1208) 19,0 N72 2) 162. On eee 
Average for each massif | | 


lote: Comma represents decimal point. 


1,5%-2.5%) in their upper 2 m. 


he chemistry of the salts is primarily as- 
ated with the degree of salinization and the 
re of the origin of the salts. When the 
content is <0.5% (in solid residue) sodium 
calcium sulfates predominate, whereby a 
iderable amount (often >10%) is represented 
alcium bicarbonates, As salinization in- 
ses, the proportion of chlorides increases 
that of sulfates decreases, The relative 

ant of bicarbonates decreases to 1%-2%. 

1 salinization is at about 3%, chlorides be- 
oO predominate over sulfates. Among the 
ns, the main role is played by sodium; cal- 
.and magnesium are contained in about the 
> amounts, 


must be noted that the chloride content 


ply decreases in irrigated soils; in the 
r 2 m the relative chloride content does not 
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exceed 10%-14%. Chlorides are especially 
strongly leached from deeply cultivated soils, 
The content of chlorides in these soils averages 
6%-7% of the solid residue (Tables 2 and 3). 
Under otherwise similar conditions, alluvial 
deposits contain much less chlorides than soil 
material of marine origin. 


As may be seen from Table 4, marine de- 
posits contain 3-5 times more chloride than 
alluvial deposits. Approximately the same 
relation of chlorides is retained in marine de- 
posits with the typical Caspian fauna which are 
buried under alluvial deposits. 


A similar relationship exists between chlor- 
ides, sulfates and general mineralization of sea 
and river water (Table 5). 


Thus, the relation between the chemistry of 
salts accumulated in soil material and the main 
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sources of salinization — river and sea water, 
may be clearly established. 


Type of Salt Balance 


The salt balance of the Terek delta, as that 
of many sea deltas, tends toward salinization, 
This is primarily due to the stagnation of ground 
water, the absence of natural drainage and the 
backing up of ground-water flow by the sea. The 
large quantities of irrigation and flood water are 
lost almost entirely on evaporation and transpira- 
tion, while the salts they bring remain almost 
entirely in the upper soil layer. As compared 
to other sources of salt, this is the largest in- 
coming item in the salt balance. Other sources 
of salt (atmospheric precipitation, ground water) 
have no significant effect on the salt balance. 
According to our calculations, for instance, the 
possible amount of salt that can be brought by 
ground water from other areas is less than 2000 
metric tons/yr. In the coastal zone impulveriza- 
tion (salt deposition from the atmosphere) may 
possibly play a role. The annual amount of salt 
derived from irrigation water and natural in- 
undations in the area of the Old Terek irrigation 
system is 90,000 metric tons from irrigation 
water and 10,000 metric tons from inundation 
water, or a total of 100,000 metric tons. 


Taking into account the fact that the area has 
no outflow, the discharge of salts by ground 
water is impossible. It takes place most prob- 
ably by the dissolving of salts by surface water 
and their discharge into the sea. Such a phe- 
nomenon may be observed during the catastrophic 
flooding of areas occupied by solonchaks, How- 
ever, as compared with the addition of salts, 
their loss is very insignificant; according to 
‘our preliminary calculations it does not exceed 
10% of the income. Thus the annual addition of 
pe is by 90,000 metric tons higher than the 

Oss. 


The annual accumulation of salts in the upper 
2 m of soil is 0.2% of the calculated salt con- 
tents (46 million metric tons). Naturally, such 
an insignificant change in the salt contents can- 
not be determined by direct measurements of 
the salt content in soils. The increase in the 
area of saline soils substantiates the previous- 
ly-mentioned preliminary balance calculations 
to a certain degree. 


As can be seen from Table 6, the area oc- 
cupied by solonchaks and solonchak-like soils 
increased by 3% in 22 years, while the area oc- 
cupied by weakly and moderately salinized soils 
decreased correspondingly. The annual incre- 
ment of solonchaks and solonchak-like soils is 
0.14%. Thus, the relative growth of salt content 
and areas occupied by salinized soils is simi- 
lar. 


Local and Seasonal Salt Movements 


Local movements of salts along the micro- 
relief and along the soil profile are much more 
rapid than the process of salt accumulation in 
the delta, depending on atmospheric precipita- 
tion and the irrigation regime. These move- 
ments are so great that they can be determined 
by periodic soil sampling. 


The movement of salts along the soil profile 
only occurs primarily in connection with at- 
mospheric precipitation. The amount of pre- 
cipitation in the delta is small, the depth of 
wetting of clay loam, even during the cold 
period of the year, does not exceed 1 m on 
the average. 


As may be seen from Table 7, the salt con- 
tent during the winter-spring period decreased 
only in the upper 0.5 m. An increase of salt 
was observed in the deeper layers as a result 
of the influx of salts from above. The total 


Table 3 


Chemical composition of water extracts from certain profiles of the principal soils in the 


area of the Old Terek irrigation system, 


% 


Solid Alkalinit Na b 
Depth, cm | +esidue | from HCO, | Cl SO, Ca | Mg difference 
Meadow solonetzic-solonchakized clay soil, Profile 282 
0—18 0,150 0,043 0,036 (), 024 0,022 0,004 0,018 | 
18—30 0,187 0,042 0,056 | 0,030 | 0,027 | 0,017 0,003 | 
30—70 0,340 0,034 0,096 | 0,066 | 0,038 | 0,003 0,007 | 
70—120 1,100 0,024 0,190 | 0,430 0,142 0,050 0,075 
140—200 1,338 0,029 0,241 0,638 0,156 0,054 0,197 
Solonchak of the meadow-type, clay, Profile 944 
0—9 ib ye 0,024 0,868 0,148 0,094 0,067 0,407 
9-25 | 4,600 | 0,024 0,677 | 0,263 | 0,080 | 0,048 | 0,391 
25—73 Da Oz 0,019 0,868 0,847 0,278 0,075 0,915 
73—100 1,738 0,018 0,468 Oma22 0,160 0,052 0,278 
180—250 | 0.464 | 0,024 0,173 | 0,069 | 0,020 | 0/009 | 0/412 
Note: Comma represents decimal point. 
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{ Table 3 continued) 


Depth, cm Solid Alkalinity 
residue | from HCO3 Sieetcs 
Primitive light-chestnut soil, coarse clay loam, solonchak-like, Profile 1230 
0—25 0,340 0,041 0,142 | 0,062 = = 
25—50 1,124 0,030 0,373 | 0,377 = a = 
50—100 | 1,106 0,022 0,337 | 0,345 Ee Bis = 
100—150 | 0,640 0,021 0,213 | 0,454 a = a 
450—210 | 0,293 0,024 0,089 | 0,073 = os at 
Primitive light-chestnut sandy loam, Hole 17 
50—60 0,180 0,029 0,074 |} 0,020 | 0,012 | 0,005 45 
100-120 | 0,370 0,029 0,087 | 0,104 | 0,032 ae ia 
180—200 | 0,562 0,022 0,175 | 0,094 | 0,045 | 0.024 | 0/069 
250—270 | 0,492 0,033 0,142 | 0,440 | 0,005 | 0,020 | 0/128 
300—320 | 0,100 0,024 0,016 | 0,031 | 0,018 | 0,006 | 0/002 
350—370 | 0,230 0,028 0,031 | 0,047 | 0,028 | 0.003 | 0ot5 
400-420 | 0,200 | 0,030 0,054 | 0,047 | 0,016 | 0,004 | 0.043 
450—470 | 0,109 0,029 0,021 | 0,016 | 0,014 | 0,006 | 0.004 
500—520 | 0,198 0,032 0,054 | 0,055 | 0,015 | 0,004 | 0,048 
550--570 | 1,670 0,035 0,403 | 0,536 | 0,068 | 0,040 | 0.377 
600—620 | 0,962 0,038 0,347 | 0,133 | 0,024 | 0,025 | 0.298 
650—670 | 3,134 0,035 0,684 | 1,131 | 0,324 | 0,096 | 0.444 
740—750 | 2,230 0,045 0,508 | 0,888 | 0,276 | 0,078 | 0.306 
Ground water, g/1 
540 | 48,360 | 0,390 | 23,684 | 5,374 | 0,924 | 2,328 | 12,618 
Deeply cultivated, irrigated clay, Profile 1 
0—10 0, 864 0,029 0,035 | 0,423 = = = 
10—30 0,740 0,026 0,023 | 0,411 - = on 
30—50 0,534 0,033 0,005 | 0,357 ol oe Re 
50—75 0,832 0,029 0,009 | 0,534 = ~ 
75—100 | 0,422 0,030 0,016 | 0,238 - = = 
100—160 | 0,570 0,028 0,012 | 0,267 we oe As 
160—190 | 0,592 0,028 0,046 | 0,262 a ass ag 
200—230 | 0,196 0,047 0,019 | 0,04 = a x 


' @Made in the area of Profile 1230 


Note: Comma represents decimal point. 


tent of salts in the upper 1.5 m remained 
ctically unchanged. Thus seasonal move- 

its of salts affected only the upper 1.5 m. 
erally, only chloride salts move. If we as- 
.e that all the chloride is contained in sodium 
ride, then the relative proportion of chlor- 

; in the salts, leached from the upper 0.5 m, 
10re than 60%. 


Vith ample wetting, exceeding the water- 
ling capacity of soil, which is usual under 
existing conditions without systematic 
gation, salts very often enter ground water 
move together with the local ground-water 
, These movements are most definite 

i constantly active channels in irrigated 
aries and rice fields. 


rhe total width of the desalinized strip along 
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channels of medium size does not exceed 100- 
200 m, If there are no irrigated areas in the 

vicinity, this strip is often bordered by solon- 
chak-like soils and solonchaks containing 2%- 

3% of salts in the upper 0.5 m (Table 8, Pro- 

file 30). 


The movement of salts takes place away 
from the channels, rice fields and estuaries 
according to the principle of the so-called "dry 
drainage. '' As may be seen from Table 8, 
already at a distance of 20 m from the boundary 
of the rice field there are solonchaks with a 
salt content of about 3% in the upper 0.5 m 
(Profile 15). Solonchaks are also as common 
around flooded lakes-estuaries (Profile 21). 


The smallest microrelief forms are subject 
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Table 4 


Salinized marine and alluvial deposits 


Solid 
residue 


200 m from the shore in the sea facing 
939 Lopukhovka Village 0,5 | 0,478 0,213 44 
4,0 | 0,702 0,319 46 
Same 1,5 | 0,886 0,336 38 
¢ 2,0 | 0,732 0,350 47 
i 2,5 | 0,658 0,319 48 
i 3,0 | 0,774 0,372 48 
{ 3,5 | 0,166 0,088 90 
% 4,5 | 0,850 0,336 39 
“ 5,0 | 0,562 0,266 48 
1029 In the bed of the Old Terek facing Burunbay 1,0 | 0,072 0,007 10 
Village 2,0 | 0,043 0,007 15 
Same 3,0 | 0,128 0,005 4 
4 4,0 | 0,091 0,005 6 
ss 5,0 | 0,095 0,011 44 
6,0 0,068 0,007 40 


Note: Comma represents decimal point. 


Table 5 


Mineralization of sea and river water 


Terek River, Kargalin- | July 1954 275 
skoye Village 


4Numerator, mg per liter; denominator = % of the total meq 
bpata from the Hydrological Yearbook for 1954 (Vol. 3, Leningrad, 1957) 


Note: Comma represents decimal point. 


Table 6 


Area occupied by soils of varying salinization according to 
surveys in 1932 and 1954 in the area of the Old Terek 
irrigation system (1600 km2), in% 


Gradation of soil salinization 


Year of the survey Not salnz.} Moder- JSolonchak 
and weak-| ately and solon- 
ly salnz. | salinized ahs. pe 


1932. According to investiga- 


tions by S. V. Zonn 929 32 39 
1954, Soil surveys under the ; 
supervision of the author 27 34 42 


Note: Comma represents decimal point. 
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Table 7 


Content of easily soluble salts accordin i 1 
I i g to seasons in the profile of 
Tsvetkovskiy farm in Novoterechnoye Village, in% 


Layer November, 1953 April, 1954. 


thickness, Solid Solid IK Comments 
Q 1 = 
em residue | Chloride] yesidue rate | Chloride 
0—50 24 0,37 0,83 | —0,4 
POU tapi 0a8u4 A220: ela Losizal o°as Mean of 11 
00—150 2,03 0,23 3,30 40,27 0°97 profiles 
0—150 1/53 0,31 1,54 | +0,01 | 0,29 
Note: Comma represents decimal polne. 
Table 8 


Average salinity of various soils according to solid residue, in % 


Layer thickness, m 
0-0,5 | 0,5—1 | 1-1,5 | 0—1,5 


Soil, land use 


Meadow solonchak-like, fallow 300 
m from a rice field 

Solonchak, 20 m from a rice field 
Middle of the rice paddy after 
water drainage 

Solonchak 100 m from an irrigated 
field (lake-estuary) 

Meadow, weakly solonchakized soil, 
abandoned 

Irrigated field, microelevation 
Irrigated field, level area 130 m 
from Profile 121 

Solonchak, 60 m from a channel 


Profile 
No. 


Note: Comma represents decimal point. 


omparatively high salinization. For instance, 
% of salts accumulated in an almost invisi- 
microelevation in the middle of an irrigated 
1, while next to it the soils were not salin- 

| (Table 8, Profiles 121 and 122), 


Conclusions 


. The data obtained confirm that saliniza- 
takes place in the Terek delta. The rate 
alinization is approximately equal to the 
imulation of salts in relation to the salt con- 
s in the upper 2 m of soil. 


. Most intense salinization takes place in 

is under the immediate influence of the 
Freshly-deposited alluvium is not salin- 

. As it "ages" it becomes more salinized. 


. To obtain consistently high crop yields and 
ease the future coefficient of land use in the 
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Terek delta, drastic meliorative measures 
are needed, such as drainage and leaching, 


Received March 7, 1959 
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METHODS 


Se ee a SG eee 


UALITATIVE ASSESSMENTS OF LANDS ON THE BASIS OF 
ATURAL CONDITIONS AS APPLICABLE TO HORTICULTURE 


I. GRUZDEV, Moscow Institute of Soil Engineers 


In determining the suitability of land to 
rticulture, the soil scientist must take into 
count soils and parent materials and, in the 
esence of two-layered profiles, the under- 
ing geological material, i.e., the entire 
ickness of soil and soil material to a depth to 
lich the main mass of the roots of fruit- and 
rry-plants penetrates. The quality of the soil 
determined in relation to a given fruit- or 
rry-plant, or a group of plants, which have 
milar requirements for their life activity 

om the complex of natural conditions, includ- 
z soils and soil materials. Thus, the deter- 
ination of the quality of soils must be closely 
lated to the biological study of the character - 
tics of fruit- and berry-plants. 


The assessment of soils (their inventory) 
cludes two interrelated elements: quantity, 
expressed in unit area (ha), and quality, in 
is case the characteristics of the natural pro- 
ctive capacity of soils. 


As a basis for the qualitative characteristics 
land for horticulture we take the complex 
idy of the following natural factors: 


a) the biological requirements of horticul- 
ral plants under definite external conditions 
growth, including soil and soil material, in 

> given area; b) geographical location and 
omorphological conditions of the area; c) 
matic and microclimatic conditions of plant 
owth; d) natural vegetation and soil of a given 
ea; e) the most important morphogenetic and 
ysicochemical indices of the typical soils of 

> area investigated; and f) the most important 
yrphogenetic indices of the surface and sub- 
rface portions of fruit- and berry-plants, and 
30 associated wild trees, shrubs and semi- 
rubs. 


The most important qualitative indices and 
licators of the complexity of natural condi- 
ns, which must be considered by the soil 
ientist, are only those which are stable. 

pidly changing indices, especially those which 
> due to current agricultural practices, must 
studied and assessed by agronomists, econo- 
sts and others who take part in the qualitative 
sessment of land. 


It must be noted that stable natural indices 


ve a different importance depending on the 
‘ural conditions (1). For instance, one and 
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the same soil index, such as texture, has a 
different importance for the life activity of the 
root system of plants in a humid climate than 
it does under conditions of deficient moisture 
and a warmer climate. For instance, coarse 
clay loam in the zone of sod-podzolic soils of 
the European USSR is the most suitable media 
for the development of apple tree roots, while 
in the zone of leached and thick chernozem it is 
less favorable to apple tree than is fine clay 
loam. 


In the Luga district of the Leningrad Region 
the optimum texture for apple orchards is that 
of fine sandy loam because the climate here is 
more humid than in the Moscow Region, for 
instance. 


Under a given complex of natural conditions 
individual stable indices may sometimes be 
dominant, even decisive in relation to all others, 
or on the contrary may be of little importance 
for the qualitative evaluation of an area. Micro- 
climate may serve as an example. Late spring 
frosts in the flood-plain of the Moskva River 
last 2-4 weeks longer than in elevated and 
watershed areas and embrace the period of 
bloom of strawberry. In spite of the fact that 
flood-plain soils are richer and more favorable 
as far as moisture is concerned than the sod- 
podzolic soils of watersheds, they are not 
favorable for the planting of strawberry because 
of the interfering late spring frosts. 


Slopes exposure, which affects the micro- 
climate of the air layer near the ground, as- 
sumes in the complex of natural conditions a 
very important role in the distribution of such 
plantings as apple trees, black currant and 
strawberry for which southeastern and eastern 
slopes in the central fruit-growing zone are less 
favorable than for cherry or gooseberry. More 
to the southeast toward the Voronezh, Saratov, 
and Stalingrad Regions, southeastern and 
eastern slopes become not only unfavorable, 
but unsuitable for the foregoing plants, in spite 
of otherwise favorable natural conditions. 
Cherry and gooseberry may successfully be 
grown on such slopes. 


The importance of the parent material is 
illustrated by the following example. We have 
a good site for the growing of apples and pears, 
such as a southwestern gentle slope of medium 
elevation and a weakly podzolized clay loam sod 
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soil, but the parent material at a depth of 50 cm 
is represented by an original clay loam moraine. 
Such parent material is distinguished by poor 
air and water permeability, and great density 
and does not allow the development of deep root 
systems of pomaceous species. In this case the 
parent material plays the decisive role in the 
qualitative evaluation of the suitability of the 
area for the growing of apples and pears. Such 
soil conditions are fully suitable for the growth 
of cherry, raspberry and strawberry. 


A similar importance is assumed by gleyiza- 
tion at a depth of 1.5 m. In spite of the favor- 
able soil texture, a sufficient amount of nutri- 
ents, a good location as far as relief is con- 
cerned, etc., gleyization makes the given area 
unsuitable for a pomaceous orchard. At the 
same time the gleyization of soil from a depth 
of 1.5 m under otherwise similar conditions 
would have no negative effect on the growing of 
plums, black currant and raspberry. 


The heat regime of the soils at a given depth 
is also sometimes a determining factor in the 
qualitative characterization of an area. For 
instance, a site may be very favorable for the 
growing of a pomaceous orchard, the relief and 
soil may also be suitable without any gleying, 
but the temperature at a depth of 1.0-1.5 m 
sharply decreases by 2°-4°C as a result of the 
lateral movement at this depth of cold ground 
water having a constant temperature of 8°-10°C 
in summer. Such cooling of the soil leads to the 
depressed development of fruit-bearing plants, 
to the chlorosis of leaves and the early dying of 
trees. 


Examples of this kind are numerous. They 
confirm the necessity of giving decisive import- 
ance in many cases to individual natural factors 
when evaluating the quality of land. However, 
the final result of a qualitative evaluation of land 
and the selection of the method of utilizing it 
must be based only on the combination of all the 
important natural indices. 


Taking into account the characteristics of a 
"garden," under which we understand an area 
occupied by artificial plantings of fruits, berries, 
nuts, ornamental-flowers and others (2), we 
distinguish two types of gardens: commercial 
orchards and small gardens. 


The evaluation of the same area would differ 
depending on its intended use, for instance: 
areas which are found suitable for house gardens 
may be unsuitable for a large orchard as a re- 
sult of the complexity of soils, the variety of 
relief elements, the impossibility of mechani- 
cally cultivating the area, etc. 


The qualitative evaluation of horticultural 
land is based on the following: 


a) Horticultural lands, being very valuable 
agricultural lands, require more detailed and 
comprehensive study of their properities and 
since the area under horticulture is generally 
very small as compared to the area used for 
agriculture, the selection of a plot for horticul- 
ture requires special investigation and sub- 
stantiation (3). 


b) Perennial plantings predominate in orchards, 
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so that the use of the land under one and the 
same plant sometimes lasts 60-100 and more 
years, which leads to a substantial change in 
soil conditions. 


c) The establishment of an orchard is al- 
ways associated with great expenditures of ; 
money and work, so that an incorrect evaluation 
of the land or an insufficient substantiation 
would lead to great losses. 


d) The qualitative suitability of an area must 
be evaluated keeping in mind the time it takes 
for the plants to reach their economically pro- 
fitable age, that is, 80-100 years for pomaceous 
plants, 25-40 years for stone fruits, 15-20 
years for berry bushes and 5-7 years for straw- 
berries. 


e) The qualitative evaluation of soils for 
orchards requires investigations to greater 
depths and in greater detail than that for field 
crops, for instance, because of the nature of 
the development of the root system of fruits and 
berries. Soil must be studied to a depth of up 
to 2-3 m for pomaceous plants, such as apples 
and pears; 2-2.5 m for stone fruits, such as 
plums, apricots and peaches; 1.5 m for cherry; 
up to 1.5 m for gooseberry and black currant; 
and up to 1 m for raspberry and strawberry. 


On the basis of long years of investigation we 
are deeply convinced that a knowledge of the 
suitability of land is gained first of all from the 
nature of the development of the root systems 
of horticultural plants and, in the absence of 
orchards, from the nature of the development of 
the root systems of wild and cultivated plants 
which are naturally associated in orchards ina 
given natural region. 


In the opinion of Professor Shitt (8, 9), 
Lolesnikov (6, 7), Zhuchkov (5), and others, the 
root systems of fruit- and berry-plants are 
"self-recording" in that they reflect in the 
nature of their development and propagation 
their life conditions in the underground medium. 
Observations on the root distribution of these 
plants along genetic soil horizons allow charac- 
terization of the natural qualities of the soils in 
relation to a given fruit- or berry-plant or a 
biologically similar group of plants which have © 
the same requirements of the soil medium and 
ear fae complex of natural conditions as a 
whole. 


The tops of fruit- and berry-plants, which is 
in direct relation with the root system, also 
serves as a good indicator of the productivity 
and quality of soil. In our opinion, the yield of 
orchards is a more remote criterion for the 
evaluation of the natural conditions of soils. 
This is more of a criterion in the agronomical 
and economical evaluation of lands and is re- 
lated to the agricultural practices and econo- 
mical cultivation of plants. The evaluation of 
orchards by agronomists and economists ac- 
cording to yield may not correspond to the | 
evaluation on the basis of natural conditions. If 
they do correspond it indicates that natural 
conditions were properly utilized in agricultural 
production. If, however, the natural and 
agricultural-economical evaluations differ 
sharply it indicates either that the natural con-_ 
ditions were improperly used in agriculture, 7 


; 
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at there is a discrepancy between work and 
oney expenditures for the creation of a good 
eld and the productivity of the land. 


The final decision on the use of land in 
sriculture must be made by agronomists, 
-onomists and land users; soil scientists give 
ly the initial material on the quality of a land 
‘ea and resultant recommendations on its 
itional use, 


In relation to what was said previously, we 
ust indicate certain characteristics of the 
ethodology of the investigating orchards and 
-w land areas for orchards. 


The determination of the suitability of an 
‘ea for horticulture must not be limited to the 
vestigation of the area only; the given site 
ust be related to hypsometric levels and the 
rms and nature of the relief in the general 
ndscape. This will allow evaluation of the 
riations in the microclimate of the given 
‘chard area in relation to the surrounding 
ea. 


In selecting the site and soil for an orchard 
is necessary to take into account the state of 
uit- and berry-plants during their various 
res, such as youth, the bearing period and 
ring, and also their state at one and the same 
re, such as intense, medium and depressed 
velopment, depending on soil and other con- 
tions. 


If orchards are present in the given region, 
ren though they are outside the selected area, 
ey are the first to be investigated in the fore- 
ying directions, such as for the age and de- 
‘lopment of plants in typical geomorphological 
id soil conditions. By comparing the complex 

natural conditions in these orchard areas 
ith those of the selected areas, the quality and 
litability of the latter for orchards are deter- 
ined. 


If there are no orchards in the given natural 
gion, investigations are made of the state of 
ild-growing plants which are associated with 
uit- and berry-plants, such as oaks, bass- 
90ds, mountain ash, filberts, birches, pines, 
‘asses and legumes, wild raspberry, currant, 
rawberry, dog rose, etc. 


Both the state of the top and roots of fruit-, 
rry-, and wild-plants are studied and the fol- 
wing indices are noted: 1) for the upper 
yrtion of woody plants: age, circumference of 
e stem at a height of 50 cm above the root 
lar, the height of the stem from the soil 
irface to the crown, the depth of the crown, 

e total height of the tree, the diameter of the 
own from north to south and from west to 

st, the nature of leaves, damage and dying off 
branches, suckers in the crown, etc. ; for 

e roots: a) the distribution of roots down- 
urd along genetic horizons, dividing them into 
ain roots and secondary (fibrous roots) and 
alifying them in the following manner: very 
any roots, many, medium number, few, and 
ngle; b) lateral distribution of roots in indi- 
dual genetic horizons, with the same sub- 
visions for the first meter from the stem, the 
cond meter, etc. In both cases it is import- 
t to note damaged, rotting, or dying off roots. 
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This work is done by the soil scientist in 
cooperation with an agronomist, horticultur- 
ist, or an experienced kolkhoz gardener. In 
the selection of horticultural or wild plants for 
study, account is taken of the geomorphological 
situation, soil and soil material conditions and 
the biological state of the plants. The plant 
tops in particular apple trees, must be charac- 
terized according to Shitt's (8) nine "age 
periods": 


The first period — 5-8 years before the 
plant gives fruit; the second; from 5-10 years, 
when the plant begins to bear; the third, from 
10-20 years, when it bears regularly; the 
fourth, approximately to the age of 40 years, 
with maximum yield for 12 consecutive years; 
the fifth, of 10 years, when small branches 
bear fruit and die off; the sixth, when the life 
activity of the tree slows down, small main 
and secondary fruit-bearing branches die off, 
the growth of "suckers" is renewed primarily 
in the peripheral portions of the crown when 
the tree is older than 50 years; the seventh, 
when main branches bear fruit and die off and 
"suckers" appear in the inner portions of the 
crown at an age of 60 years; the eighth, when 
the tree does not bear any more and large main 
branches die off after the age of 60-80 years; 
and the ninth, when the tree retains some signs 
of life, its last period of life. 


"Age periods" in the life of a fruit tree 
begin, as we have seen, at various times, de- 
pending on various physiographic and climatic 
conditions. For instance, in the lower reaches 
of the Kuban" River in Slavyanskaya Village, an 
apple tree reaches its maximum height of 7 m, 
its maximum stem circumference of up to 100 
cm and more, and its maximum bearing period 
(fourth period) at the age from 18-23 years, 
while it begins to die off and stops bearing 
(eighth period) at the age of about 40. In the 
Moscow Region, an apple tree reaches its 
maximum development and maximum bearing 
period at the age of 30-40 years (fourth period) 
and begins to die off and stops bearing at the 
age of about 80 years. In both cases the com- 
plex of natural conditions is favorable, the 
difference here being in the geographical con- 
ditions. 


Within one natural region the life span of a 
fruit tree and its age periods may vary sharply 
depending on the presence of individual unfavor- 
able geomorphological, soil and other factors. 


The foregoing shows how numerous and 
varied are natural indices which characterize 
the quality of horticultural land. 


As a result of the generalizations made pre- 
viously, tables are compiled for the evaluation 
of horticultural land according to natural con- 
ditions as related to the most common orchard 
plantations, such as apples and pears, cherry 
and gooseberry, plums and raspberry, straw- 
berry, and black currant. The evaluation 
tables, compiled on the basis of investigations, 
must contain determinations of all components 
of the complex of natural conditions: the genetic 
group and subgroup of soil; the geographical 
coordinates of the site; its location in the land- 
scape; relief and exposure; parent material; 
soil texture; soil moisture conditions; water 
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level in the profile; and the microclimate of the 
air layer near the ground. The site quality of 
the horticultural area is determined from the 
combination of all these determinations. We 
divide horticultural lands into the following 4 
classes: 


Class 1 — ensures optimum life activity for 
fruit- and berry-plants up to their economically 
productive age, intense development and highest 
yield. 


Class 2 — ensures the same life span for 
fruit- and berry-plants, but with a lesser de- 
velopment and yield under the same conditions. 


Class 3 — does not ensure full life span, 
intense development and high yields, leads to 
the early dying of horticultural plants. 


Class 4 — is unsuitable for fruit and berry 
plants; however, after drastic melioration the 
land may partly be used for certain horticul- 
tural plants. 


Note. If every one of the previously men- 
tioned natural indices is optimum for the life of 
a given fruit and berry plant, the evaluation of 
as eee area would be the highest, i.e., 

ass 1, 
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ROBLEMS OF THE TRANSITION OF SOUTHERN CHERNOZEMS 


D9 DARK-CHESTNUT SOILS OF THE 
RIMEAN STEPPE 


. D. PENKOV, Moscow State University 


The central part of the Crimean steppe is 
imarily represented by chernozems, however, 
ere are transitional soils between chernozem 
d dark-chestnut soils. We did not determine 
> limit of this transitional subgroup, but in the 
-asnogvardeysk region it is widely distributed 
der zonal conditions. 


The literature on the soils of the Crimean 
=ppe is very contradictory. Already Murchin- 
n, Tyuo, Radde, Romanovskiy and certain 
dastral commissions had noted the distribution 
chernozem in Crimea (quoted from Dokucha- 
v, 5). Ruprekht (12), who studied cherno- 
m and compiled a special map of chernozem 
stribution in Russia in 1866, did not show the 
‘imean chernozem on it. The existence of 

iS soil was denied by I.I. Vil'son and V. I. 
aslavskiy. 


I. F. Levakovskiy (9) noted that '...at a dis- 
1ce of about 100 verst to the north of Simfero- 
l' chernozem begins to disappear, while 
lonchak, consisting of brown clay which is the 
ual subsoil of chernozem, becomes more prev- 
ant toward Lake Sivash..., however, there is 
area near the Chongara bridge with fairly 

ick chernozem, "' 


As a result of his trip to Crimea (1879), V.V. 
kuchayev for the first time substantiated the 
de distribution of chernozem in the central 

rt of the Crimean steppe. He also determined 
it toward the north of Simferopol' chernozem 
comes more and more shallow, while in the 
sinity of the shore of Lake Sivash chernozem 
adually disappears. 


"Soon after Simferopol’ on the way to the 
ongara bridge at Lake Sivash the steppe be- 
me more and more even and uniform, the 
setation became lower and poorer until it 
adually and unnoticeably merged with the mud- 
shore of the Gniloye Sea. The Simferopol' 
2rnozem also disappeared gradually." Doku- 
uyev studied the soils near the Kuman- 
mel'chi railroad station (Krasnogvardeysk 
trict). Dokuchayev wrote that chernozem 

s "of a chocolate-gray color and 1 foot thick 
)}cm),'' and contained more than 3% humus. 
tipov-Karatayev and Prasolov (1) wrote: 


"As far as the central part of the Crimean 


ppe is concerned, we must apparently also 
tinguish between the same members of the 
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series: solonchaks, solonetzes, solonetzic 
southern chernozem (equivalent to the chestnut 
chernozem of Ukrainian soil scientists) and 
southern chernozem.'' Sokolov (13) drew at- 
tention primarily to dark-chestnut soils in the 
Crimean steppe, he classified chernozem as 
belonging to the first series of the vertical soil 
belt of Crimea. Klepinin (8) distinguishes a 
larger number of soil groups, such as southern 
chernozem, carbonate, dark and light-chestnut 
soils, etc. Dzens-Litovskaya (4) is of the 
opinion that ''Zonal soils are peculiar to the 
watersheds occupied by clay loam in the Crimean 
steppe, and combine both the characteristics of 
chernozem and dark-chestnut soils.'' Antonova 
(2) made a detailed study in 1927 of the soil of 
the experimental station in the Crimean steppe 
and established that southern chernozems are 
found in valleys. Gusev (3) showed that the soils 
of the experimental station are primarily re- 
presented by southern chernozems which are 
weakly humified and develop on Quaternary yel- 
low-brown loess-like coarse clays. Popova (10) 
also found southern chernozems in the area of 
the experimental station, however, she points 
out that ''they should not be identified with cherno- 
zems occupying the more moist southern part of 
the Crimean valley, because the latter clearly 
reflect in their appearance and properties all the 
main features of the chernozem formation pro- 
cess.'' The relief of this area is flat. Erosion 
is weakly developed. The parent material con- 
sists of Quaternary loess-like deposits which are 
rich in carbonates and gypsum. They are yellow- 
brown and brownish-yellow in color, and 
brownish-yellow with a reddish tinge from a 
depth of 4m down. Texturally they are silty- 
clay coarse clays. Ground water at the present 
time is very deep and has no influence on the 
process of soil formation. The morphological 
structure of these transitional soils may be seen 
from the description of Profile 2. 


Profile 2. Made on a flat watershed 150 m to 
the north of the road leading from Krasnogvar- 
deysk to Klepinino across from the ''Magarach" 
vineyards. 


A 0-18 cm. Gray witha clearly defined 
light-brownish tinge, dry, only slightly com- 
pacted, fine clay loam. Very powdery and 
sometimes cloddy and blocky-cloddy. Becomes 
covered with a compact surface crust after rain. 
Riddled with roots. Has vertical cracks (4-12 
cm long). Does not effervesce from HCl. The 
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transition to the A horizon is clear in color, 
structure and compactness. 


A 18-36 cm. Dark-gray with a brownish 
tinge, dry, more compacted, fine clay loam of a 
blocky-granular structure, riddled with roots. 
There are vertical fissures (2-4 cm long). Does 
not effervesce from HCl. The transition to the 
next horizon is clear in color, structure and 
compactness. 


Be 36-52 cm. Yellow-brown, damp, com- 
pacted (looser than the A horizon), heavy clay 
loam -like of a coarse and fine blocky structure, 
contains larger roots, coprolite, worm holes 
and humus tongues. There are vertical fissures 
(0.2-0.5 cm long). Effervesces from HCl. The 
transition to the Ce horizon is noticeable by the 
appearance of white specks. 


Ce 52-100 cm. Light yellow-brown, damp, 
very compact fine clay loam, breaks up into 
blocks and lumps 3-5 cm in diameter. There 
are humus tongues in the upper part of the hori- 
zon. A large number of clearly-defined white 
specks appear at a depth of 55 cm, reaching a 
maximum between 65-85 cm. There are no 
white specks below 101 cm. Effervesces from 
HCl. 


Ci 100-141 cm. Brownish-yellow, light, 
compacted, fine clay loam, can be pried loose 
in lumps. There are films (from brown to dark- 
brown) along the boundaries of structural units. 
Contains holes from large roots and worm holes 
with coprolite. Effervesces from HCl. 


ey 141-244 cm. Brownish-yellow, damp, 
compacted, heavy clay loam. The structure is 
indefinite; there are films along the boundaries 

of structural aggregates (of a brown or black- 
brown color). There are accumulations of 
gypsum in the form of interlayers and pockets. 
The gypsum content is higher in the upper por- 
tion of the horizon and decreases with depth. Ef- 
fervesces from HCl. 


Cégyp 244-307 cm. Brownish-yellow, 
damp, compacted, fine clay loam of an indefin- 
ite structure; carbonates appear again but ina 
lesser amount than in the horizon containing 
white specks. There are gypsum nodules scat- 
tered throughout the horizon. Effervesces from 
HCl. 

307-347 cm. 


eyp Brownish-grayish- 


Table 1 


yellow with a reddish tinge, damp, compact, fine 
clay loam, has occasional gypsum accumulations 
in the form of nodules; krotovinas. 


Céeyp 347-405 cm. More reddish than C4, 
damp, compact, fine clay loam, has occasional 
accumulations of carbonates in addition to gyp- 
sum. Effervesces from HCl. 


As may be seen from the foregoing morpho- 
logical description, and from the study of other 
profiles and semi-trenches made under similar 
geomorphological conditions, these soils are 
distinguished by the following morphogenetic 
indices (Table 1) 


The color of the plowed layer (gray with a 
light-brownish tinge) is lighter than that of the 
layer underlying it (gray with a brownish tinge). 
The thickness of the uniformly colored humus 
horizon is 35-40 cm. The thickness of the A + 
B horizon is 50-60 cm. The humus and transi- 
tional horizons are full of roots. The structure 
of the plowed layer is blocky-lumpy, powlery 
and blocky-granular in the A horizon. 


There are very many cracks from the sur- 
face to a depth of 50-60 cm in the humus and 
transitional horizons.~ The width of the cracks 
reaches 4-8-12 cm at the surface, becoming 
finer with depth. 


In the Bc and Cc, horizons there are worm 
holes with coprolite, while the krotovinas in the 
Cégyp horizon are filled with black soil. Ef- 
fervescence from HCl begins below the uniform 
humus horizon. From a depth of 50-60 cm down 
there is a horizon with an accumulation of white 
specks. The maximum accumulation of carbon- 
ate salts is found in the layer from 65-85 cm 
deep. Gypsum appears at a depth of 140 cm and 
is concentrated in the layer from 140-170 cm 
deep. There is again an accumulation of car- 
bonic salts in the Ch horizon and of carbon- 
ates and gypsum in thé Cégyp horizon. Gusev 
(3) notes that there are several horizons in the 
parent material where there is a concentration 
of water-soluble salts, primarily sulfates, 
which probably indicate a higher level of ground 
water. It may be assumed that at one time these 
chernozems underwent the meadow stage of soil 


!We made our observations in August 1958; there 
was no rain from May to August. 


Morphogenetic indices of southern chernozems changing into dark-chestnut soils 


Ne Thickness, cm Depth, cm 
Pro- Semi- Humus A+B Location of Ineeey nel cone | Location of 
file |trench horizon white specks | from HCl ] gyps 
2 — 36 o2 sy) 40 141 
3 —_ 37 DO 55) 42. 144 
— 4 39 08 08 45 — 
-—— 2 38 00 20 35 —_— 
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Table 2 


Temperature fluctuations in the winter of 1927-1928 
(according to B. I. Dukarovich, 6 


Date of ob- | Tempera- 


potnnont ture, °C 
2 


Date of ob- 
servation 


Tempera- 
ture, °C 


' Dec. — 9,3 Feb. 8 2 
Dec. 14 +10,2 |Feb. 12 4 
Decrees — 3,2 Feb. 16 
ee 17 +413,0 |Feb. 18 

Note: Comma represents decimal point. 


rmation. In their lower horizons there are 
ims along the structural faces of the aggregates, 


For the sake of comparison let us give a 
scription of dark-chestnut soils and examine 
the same time all the analytical material on 
uuthern chernozem and dark-chestnut soils. 


Profile 6. Made in the Crimean steppe in the 


Table 3 


Daily temperature fluctuations 
(according to Dukarevich) 


Date of Temperature, 
observation UE 
Feb. 3, 1946 | +41,9 —8,2 
Feb. 4, 1946 4/7,7 —3;4 
Note: Comma represents decimal 
point. 


area of Dzhankoy in a watershed occupied by 
plowed land and parent material is loess-like 
clay. 


Ap 0-25 cm. Chestnut, dry, compact, 
silty-clay of a lumpy-nutty-silty structure with 
a tendency toward platiness, contains roots and 
vertical cracks; does not effervesce from HCl. 
The transition to the next horizon is clear in 
color and structure. 


A, 25-45 cm. Grayish-dark-brown, damp, 
compact, silty-clay of a nutty-blocky-granular 
structure; there are films along the faces of 
structural aggregates and roots. Does not ef- 
fervesce from HCl. The transition to the next 
horizon is abrupt in color and consistency. 


Be 45-60cm. Yellowish-brown, damp, 
compact, silty-clay of a blocky-nutty structure; 
in the upper part of the humus horizon there are 
humus intrusions in the form of pockets and 
tongues; there are white specks (in the lower 
part of the horizon) and worm holes with copro- 
lite. Effervesces from HCl. The transition is 
clear. 


Ce 60-110 cm. Yellowish-brown, dry, 


Table 4 


Analysis of water extracts of southern chernozem changing into dark-chestnut soil (Profile 2) 


Dry | Total al- @ 
residue,} kalinity of Gl 


Depth, cm 
HCO, | 


141—151 
210—220 | 0,495 
265—275 | 0,300 


320—330 


0,484 


Total 
salts 
meq 


Na by dif- 
ference 


0,124 


1,416 


1,488 
0,292 


0,485 


‘In the numerator —meq; in the denominator —% of dry soil. 


Note: Comma represents decimal point. 
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compact, silty-coarse clay loam of a nutty 
structure; there are krotovinas, roots, worm 
holes with coprolite and a large number of white 
specks (varigated in color). Effervesces from 
HCI. 


ChellOst 50cm. Yellow-brown witha 
reddish tinge, dry, very compact, silty-clay; 
there are krotovinas 5-16 cm in diameter. Ef- 
fervesces from HCl. 


C2, 150-205 cm. Light-yellow, damp, 
compact, coarse clay loam; contains gypsum in 
the form of veins and pockets; animal burrows. 
Effervesces from HCl. 


Ce 205-278 cm. Light-yellow with a 
reddish tinge, damp compact, silty-clay; gyp- 
sum is evenly distributed; there are gray films 
along the faces of structural aggregates. Ef- 
fervesces from HCl. 


Cé 278-348 cm. Differs from the pre- 
ceding Horizon by a larger amount of black films 
and gypsum in the form of nodules. 


Cog 348-400 cm. Reddish-yellow, black 
films, cumulation of carbonates at a depth of 
380-400 cm. 


From the foregoing morphological description 
of Profile 6 and from other profiles and semi- 
trenches it follows that the humus horizon is 
37-45 cm thick. Effervescence begins at a 
depth from 38-45 cm; white specks are found at 
a depth of 40-55 cm. 


In the Be horizon (45-60 cm) there are clear- 
ly defined intrusions in the form of pockets and 
tongues. The amount of humus in the plowed 
horizon is 2.5% and slowly decreases with depth. 


In the dry year of 1958 there were vertical 
cracks 5 to 8-12 cm wide in the humus horizon. 
The structure is lumpy-nutty with a tendency 
toward platiness in the Ap horizon and becomes 
nutty-blocky-granular in Khe A, horizon. The 
soil effervesces primarily below the uniformly 
colored horizon. The boundary of effervescence 
is uneven. The main mass of roots is contained 
in the humus horizon. There are films along the 
faces of structural aggregates in the A, horizon. 
The transition from the humus horizon to the 
illuvial horizon is clear in structure and color. 


The carbonate horizon begins with abundant 
and clearly-defined white specks. Humus 
penetrates into it in the form of tongues and 
pockets. Coprolite is found in the Be and C 
horizons; there are many worm holes. Kroto- 
vinas in the Ce, Ci, and C% horizons are 5-16 
cm in diameter. Ata depth of 150 cm there are 
accumulations of gypsum in the form of veins 
and nodules. 


Gray and black films are found in the Cégyp, 
Cégyp and Cégyp horizons. 


The parent material is found below a depth of 
400 cm and consists of loess-like clay of a red- 
dish-yellow color without visible salt inclusions; 
it is compact, damp and not very porous. 


Southern chernozems are characterized by a 
low humus content (Table 8). The shallowness 
of the humus and the transitional horizons, the 
deposits of carbonates and gypsum near the sur- 
faces are explainable by the bioclimatic condi- 
tions of the central part of the Crimean steppe. 
The climate of the area under study is clearl 
continental (Tables 2 and 3). Penyugalov (1 1) 
points out that the climate is under the moderat- 
ing influence of the Black Sea; the influence of 


Table 5 


Analysis of water extracts of dark-chestnut soil (Profile 6) 


Dry Total al- re 
Depth, cm | residue, |kalinity of o| 
% HCO, 


= tee iee otal 
Ca‘* Mg is Neale salts, 
meq 


‘In the numerator peed, in the denominator 
(S 


Note: Comma represents cimal point. 
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120-130 | 0,192 | 9045" | 0,036 | 0,049 | 0,007 | 0,004 
0,74 | 0,01 1,08, |) 0,34 ai, Opdtopnme|ni2,32 
170—180 | 1,581, | C019 |) 0.0820 (0,008 i210) ees oe pecs 
0,31 2081 21,21 13,50) eos 5,08 ; 
o35—245 | 1,842 | 9,070 | 0,449 | 0,165 | 0,245 | 0,143 | 0,464 | 4 gig 
Oyse [3,357 | BA poon igo, 250) tS SRI Ty 
300—310 | 4,778 | 9.026. | 0,070 | 1,481 | 0,286] 0,405 | 0,148 | 4 ag 
0,42 i307) || 22,60 115800) 8,750 Ol. 16 : 
330—340'| 1;540° | D019) |) DsMOBS | 10950): jn Ost72) 40092 0 
0,34 3,04 | 19,79 | 8,70 | 7,66 | 6 
390—400 | 0,704 | 9,083 | 0,408 | 0,350 | 0,037 | 0,043 | 0 
0,54 3,04 


—% of dry soil. 


TRANSITION OF SOUTHERN CHERNOZEMS 


ne Sea of Azov is insignificant. At the same 
ime, the central part of the Crimean steppe is 
nder the strong influence of the southern 

teppe region of the Ukraine with its considerably 
10re sharply developed continental climate. 


According to data from the Meteorological 
landbook of the USSR, the maximum air temper- 
ture of 40.7°C was recorded in 1925 and the 
1inimum was -33.1°C. According to mean 
ong-period data, annual precipitation amounts 
) 383 mm, including an average of 290 mm 
uring the growing period (the maximum is 315 
1m and the minimum, 92 mm). Dry winds oc- 
ur every year and last about 11 days (6) in 
ugust. Under such conditions vegetation is 
ery scant and gives little plant material for 
uilding up humus. 


Under the conditions of the Crimean steppe, 
rganic matter decomposes rapidly. Dzens- 
itovskaya (4) writes: ''...as a result of the 
Imost complete absence or short duration 
1-10 days) and shallow freezing of Crimean 
teppe soils, they always remain active, and 
recipitation, even though it is scant, has the 
ossibility to act on the soil for a long period 
f time.'' This is why the exchange of sub- 
tances between the soil and vegetation, the en- 
ichment of soil solutions with carbon dioxide 
nd the migration of carbonates are more in- 
snse here than in typical dark-chestnut soils of 
1e southeastern part of the European USSR, 
here, as a result of the cold climate, soils 
-eeze to a depth of 1 m and remain frozen for 
period of 4-5 months. 


With warm autumns and springs and com- 
aratively warm winters, the major part of 
lant residues decomposes under normal soil 
\oisture conditions, so that little humus ac- 
umulates. The low humus content in the plowed 
yer is determined by both improper agricul- 
iral methods used for centuries, which led to 
ie decomposition of organic matter, and the 
2crease in the amount of humus. 


The fact that these transitional soils are 
poorly leached (comparatively high content of 
carbonates and gypsum near the surface) is the 
result of the non-leaching type of regime which 
predominates under conditions of the Crimean 
steppe. The conditions of the formation of 
dark-chestnut soils are characterized by even 
greater continentality and a lesser amount of 
precipitation. 


Let us examine certain chemical and physical 
properties of southern chernozems, changing in- 
to dark-chestnut soils. 


The adsorption capacity of the humus and the 
transitional horizons is 37-29 meq. It reaches 
a maximum in the A horizon and decreases con- 
siderably downward along the profile (Table 8). 


Water-soluble salts (Profile 2) are contained 
in an insignificant amount to a depth of 141 cm, 
Below this depth their amount increases. Sul- 
fates predominate among soluble salts. Normal 
carbonates are lacking in the entire profile as in 
the dark-chestnut soil (Table 4). 


Dark-chestnut soils are similar to southern 
chernozems changing into dark-chestnut soil in 
asfarastheirtypeof salinization is concerned. 
However, the amount of salts in dark-chestnut 
soils is higher and increases with depth (Table 5). 


Texturally (Table 6), southern chernozems are 
silty-clay soils. The total amount of particles 
<0.01 mm in diameter, together with pre- 
treatment losses, is more than 60% in all hori- 
zons. The clay content varies from 19.2%- 
38.6%. The high content of clay in the humus 
horizon is associated with the specific biological 
exchange of substances in the central part of the 
Crimean steppe. Root residues are distributed 
more evenly in the soil here and when they de- 
compose organo-mineral colloids accumulate. 
There is a weak differentiation in particle-size 
composition along the profile. A variation in 
the amount of particles <0.01 and <0.001 mm 


Table 6 


Particle-size analyses of southern chernozems, changing into dark-chestnut soils, % 


(according to Kachinskiy). 


0,25— 
—0,05 


‘0 


0—18 | 6,70 0,2 
D590 IE 890 0,3 
40—50 | 4,95 0,1 
70—80 | 5,60 0,2 
145—125 | 5,70 0,1 
441—151 | 5,14 0,1 
210—220} 4,50 0,3 
265—275 | 5,40 0,4 
320-330 | 6,30 0,4 
380-390 | 6,28 0,2 


Comma represents decimal point. 


Note: 
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Particle diameter, mm 


0,05— 
—0,01 


Profile 2 


Total 
<0,01 mm 


0,01—0,005)0,005—0,001] <0,001 


Or wD OCT OW 


DMN wyty 
Ot WIE Ch DO -~I00 
OUWVWONIOCCRFRK UO 


™1 00 00 0 06 ~100 OK 0 


M.D. PENKOV 


Table 7 


Particle-size analyses of dark-chestnut soils, % (according to Kachinskiy). Profile 6. 


Hygro- |Loss dur- Particle diameter, mm Total 


scopic ing pre- | " | 
Depth, cm pa ae 1—0,25 : Bate Sea .01--0.005 0,005 -0,001| <0,001 <0,01 sm 
5,90 2,0 Onl 3,9 | 34,9 17050) 14,2 33,3 58,9 
Iai 0,6 0,0 Prats) || Owl 8,0 16,0 35,6 59 ,6 
5,20 1659 CSOT i941 We2650 8,3 9,4 19,8 37,9 
4,50 28,2 O10. t,o. | Teas ese 5,8 18,7 31,6 
4,94 Il) 5 of OrOwle2ile 4 | 327 Yall 11,3 one 30,2 
0,80 26,0 0,0 | 54,1 8,6 2,0 2,6 6,7 11,3 
5,90 28,4 0,0 | 24,9 | 18,4 5,0 ibis: 15,5 28,9 
5,30 28 ,2 0,0 | 23,9 | 18,3 3,9 7 6 bel 18. tol ooo re 
4,00 14,0 OO meee dal oo ee 8,9 11,8 pM ied 47,9 
Note: Comma represents decimal point. 
Table 8 


Several chemical properties of southern chernozem, changing into dark-chestnut soils 
(Profiles 2, 3) and dark-chestnut soils (Profiles 6, 9) 


Total nitro- Adsorption 
gen, % capacity, meq 


Pro- | Humus, % 


file | Depth, cm | pH of water cO,in ¥% (according to hasan tinae Pe : 
ea Tyorinh | @Ggeraan | Geconding 
2 0—18 8,0 0,32 3,05 0,250 34,88 
2232 7,8 0,25 2,50 0,205 37,24 
40—50 BRS 5,53 41,80 0,142 29,43 
70280 8,6 6,82 4,12 = 22,78 
(15-125 8,6 5 ,64 = = 23,93 
441151 8,8 (he = a 14,214 
210—220 Ses 6,95 nas = 14,44 
265-275 8,5 9,80 as — 14,25 
320—330 8,8 6,24 = a 20,41 
380—390 8,6 ea a: = 19 84 
3 0—20 7,9 0.3 3,24 0,282 32,46 
20-30 7,8 0,48 Dike 0,18% 35,00 
A555 8,3 Thats 1,01 0,09 28,414 
55-65 8,5 8,40 0,8 = 28 ,81 
90—100 8,7 9 25 0,6 = 21,16 
145—155 8,6 7,46 = = 15,42 
6 0—25 7,7 0,20 2,50 0,132 27,02 
30—40 7,8 0,20 41,54 0,196 34,82 
45—60 7,9 6,50 0,96 0,098 36,55 
80—90 a 9 32 as — 20,44 
120—130 8,4 8,36 = — 21,82 
170—180 8,1 6 50 — — 13,96 
235—245 8,1 4,80 As — 14,19 
300—310 8,1 5,54 = = 18,92 
390—400 8,2 4,90 a — 19,43 
q) 0—20 7,8 0,15 2,50 0,152 — 
25—35 7,9 0,15 1,99 0,144 = 
Ag eens 8,2 6,50 4,05 0,087 — 
80—90 8,1 7,20 0,78 = a 
120—130 8,2 8,75 0,64 — oo 


Note; Comma represents decimal point. 
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TRANSITION OF SOUTHERN CHERNOZEMS 


1 diameter along the profile is only observed in 
1e Salt-bearing horizons. 


The foregoing data on particle-size analyses 
sree with data on adsorption capacity (Table 98) 
nd hygroscopic moisture (Table 6). 


Texturally (Table 7), dark-chestnut soils 
re heavy clay loam-like and clay-dusty. Their 
ysses are high on treatment, as a result of 
hich they seem lighter than southern cherno- 
ems which are in the process of transition to 
ark-chestnut soils. The content of particles 
0.001 mm in the humus horizon (33.3%-35.6%) 
3 smaller than in Profile 2 (which is associated 
ith more scant vegetation) and rapidly de- 
reases with depth. The change in the clay 
action content is related to solonization and 
1e presence of layers rich in salts. This is 
lso substantiated by data on absorption 
apacity (Table 8) and hygroscopic moisture 
Table 7). 


On the basis of what was said previously, we 
lay conclude that the soils described have both 
hernozem and chestnut soil features. These 
ransitional soils are similar to dark-chestnut 
oils in that they have a low humus content, a 
arbonate and gypsum horizon at a shallow 
epth and residual solonetzization. Sometimes 
1e humus horizon is well-developed, humus in- 
-usions occur in the form of pockets and tongues 
t a depth of 60-80 cm, the structure is blocky- 
ranular and the profiles are burrowed, all 
1is making these soils similar to chernozems. 


The soils examined must apparently be 
lassified as transitional under the conditions of 
ie Crimean steppe. In relation to this the 
uestion arises of changing the boundaries of 
rpically southern chernozems on the soil map, 
hich, according to our data, is traced more to 
e north than it actually is. 


Received October 19, 1959 
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SOIL TILLAGE AND THE UTILIZATION OF NITROGEN AND 


PHOSPHORUS BY WINTER WHEAT 


P. YA. BILENKO, N.K. Krupskaya Pedagogical Institute, Kherson 


The agronomical literature sufficiently covers 
the problem of the influence of deep soil tillage 
and plowing for changing soil conditions for 
plant life (4, 8, 10 and others) on the growth and 
development of the root system and vegetative 
and reproductive organs (5, 6, 8) and on the 
quality of yield. The problem of reducing weeds 
through soil cultivation has been solved. At the 
same time, plant physiologists do not study 
enough the processes taking place in plants dur- 
ing the growing period in relation to tillage, 
while specialists in agriculture pay attention on- 
ly to phenomena taking place in soil and the final 
yield and are little interested in plants and pro- 
cesses taking place in them under given methods 
of tillage. 


The clarification of the problem of the influ- 
ence of soil tillage on plants during the growing 
period would allow finding proper ways of 
further improving agricultural practices and the 
crops grown. 


Let us dwell briefly on the literature on this 
problem. Beloshapko (1) showed that when the 
plowed layer of sod-podzolic soils was increased 
from 16 to 23 cm, the accumulation of nitrogen 
in the mass of green manure increased by 34.7% 
for a mixture of mustard and buckwheat and 
49.8% for lupine. The deepening of the plowed 
layer increased the amount of nitrogen in the 
grain crops, which was noted by Nalivkina (9) 
for a series of spring wheat varieties. Yar- 
tseva, Morozova and Lototskaya (11) found an 
increase in the content of phosphoric acid and 
potassium in the green mass of perennial 
grasses under the same soil climate conditions. 


A brigade of the V. V. Dokuchayev Soil In- 
stitute, Academy of Sciences, USSR, which 
comprehensively studied the new agricultural 
method of T.S. Mal'tsev, notes that when this 
method is used, which requires deep plowing 
without a moldboard, a change in the oxidation- 
reduction potential (root) in plants and an im- 
provement of the uptake of nitrogen by plants oc- 
curs. No change in the uptake of potassium and 
phosphorus occurs (3). 


There are several works of foreign authors 
on the influence of tillage on plants. Singh (12) 
established the influence of soil tillage on the ab- 
sorption of nitrogen and crop growth. Lawton 
and Browning (14), who studied the influence of 
various methods of soil tillage on the content of 
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nutrients in corn and its yield on various soils, 
showed that plowing increases the nitrogen and 
potassium uptake by plants, as a rule, as com- 
pared to discing. Taylor and Johnson (13) found 
that normal spring plowing leads to an increase 
of the nitrogen content in the leaves of grain 
crops grown after alfalfa, as compared to shal- 
low plowing; this was not observed in crops 
grown where grain crops were grown before. 
There was no difference in the content of phos- 
phoric acid, while a difference in the amount of 
potassium was only observed during dry years. 
The literature shows that soil tillage has a 
noticeable effect on the organism of plants. 


The present article describes the results of 
studies on the utilization of nutrients by winter 
wheat in relation to the depth of tilling of chest- 
nut soil. 


Laboratory-field and field tests were made in 
the experimental field of the Agricultural Insti- 
tute of Kherson and at the Agrobiological Station 
of the Pedagogical Institute of Kherson. Pro- 
ductivity experiments were made in kolkhozes. 
The tests were repeated 3-4 times, except for 
the productivity experiments. Winter wheat 
plants were taken from the field during their 
various stages of life and immediately analyzed. 
The moisture content and nutrients available to 
plants were also determined at the same time. 
Nitrogen in the plants was determined according 
to the method of Kjeldahl, phosphorus was deter- 
mined calorimetrically according to the method 
of Denige, and nitrates in the soil were deter- 
mined by the method of Grandval'-Lyazhu. 


Let us examine the data obtained in each in- 
dividual experiment. The experiments at the 
Agricultural-biological station of the Pedagogical 
Institute were begun in the spring of 1956 to study 
soil tillage to a depth of 20, 35 and 40 cm. In the 
fall of 1956 four winter wheat varieties were sown 
after the preceding crop was harvested. Odessa 
16 winter wheat was sown on a melon field and 
the following results were obtained. In spite of 
the great moisture consumption by the preceding 
crop, its useful amounts during the period of 
analysis in the fall were 767 m3/ha in the upper 
60 cm from the surface with normal plowing, 851 
m’/ha with deep plowing to 35 cm and 873 m3/ha _ 
with deep plowing to a depth of 40 cm. The 
nitrogen content was 5.85, 6.78 and 7.0 mg/kg 
of soil and that of phosphorus 5.9, 19.3 and 
21.7 mg/kg of soil, respectively. 


WINTER WHEAT 


Table 1 


Influence of deep plowing on the content and uptake of nitrogen and phosphorus by OD-16 
wheat in 1956-1957, % of dry mass 


Nitrogen | Phosphorus | 


Plant organ Date Phase Depth of plowing, cm 
Ba th neat 5 | 4 gia eC Pas 20 | 35 | 40 
Leaf Nov. 16, 1956 Tillering 4x01 4,39 | '4,90) 10,077 10,012 
April 8, 1957 _| Tillering 2,55 2°49 Ne eel ateal ek 
May 21, 1957 Heading 2,44 | 2,%3>] 3,20 | 05488 |0,444 |-0; 447, 
Tillering June 16, 1956 Tillering | : : 3) 
uso [ames tase [pura | an |e] ot fool oases 
Stem [may 21, 1957 Heading red 10 | Aerie | 1,33 lo, 3860, 364| 0,322 
Spike | stay 21, 1957 | Heading | 4362 - 1,81 | 1,86 lo, sto |, 014] 0,534 
Utilization by one plant, mg 
Entire plant | Nov. 16, 1956 Tillering eAtT® late Otel s 4 | 
Entire plant | April 8, 1957 _| Tillering 8,42 | 9.32 ee es es ies 
Entire plant | May 21, 1957 | Heading 25,10 |33,87 [84,11 |8,08 |9.69 | 14°37 


Note: In soil plowed to a depth of 40 cm, plants had considerably more secondary stalks. 
Note: Comma represents decimal point. 


The amounts of nitrogen and phosphorus in nitrogen and phosphorus to plants (Table 1). 
e growing period did not exceed the limits of 
‘(perimental errors and could not be used to de- Data in Table 1 show that as the depth of soil 
rmine the nutritional regime of plants. tillage is increased the nitrogen content (as re- 
duced to P,O,) in the leaves and tillering nodes 
The analysis of plants during the periods of increases. The content of phosphorus, on the 
intering, tillering and heading stage shows the other hand, in the stem and heads decreases 
sitive role of deep tillage in the supply of during the heading period, while the total utiliza- 
Table 2 


Content of available nutrients in soil under winter wheat in 1956 
(in mg/kg of soil) 


Depth of Date of analysis | 
lowed z 
layer in Soil layer Nov.9,195qApr. 14, 195//ay 20, 1957 |June 25,195 
spring, Tillering Heading Ripening 
Nitrates 
20 0-10 58,3 of, 4,9 6,3 Leal frase 
10-30 82,0 4,4 7,8 4,4 
40 0-10 38,9 6,0 5,0 5,4 
10-30 43,9 4,5 4,8 o,4 
Phosphorus (P,Q;) 
20 0-10 | 4,60 0,12 0,04 (272 
10—30 12,30 0,01 0,02 
40 0—10 | 4,50 0,11 0,04 0,24 
AGOGO. al warGedit 0,05tewer 0,03 ash) S517 


Note: Comma represents decimal point. 
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Table 3 


Influence of deep tillage of fallow on the nutrient content in the plant organs, % of dry mass. 
Stalin kolkhoz, 1957 


April 18, tillering 


Depth of til- 

lage of early 
fallow in 1956, 
cm 


Leaf |Tillering node| Average | Leaf 


May 20, heading 


Plant organ 


| Stem | Spike | Average 


Nitrogen 

20 3,43 2,64 3,15 3,03 1,28 | 4009 Aoi) 

40 | 4,31 | Peo (e2 3,70 | 3,38 1,60 2,06 2,37 

Phosphorus (P,0O,) 
0,86 1,00 | 0,94 0,69 0,65 | 0,64 | 
| 0,96 1,02 1,00 | 0,80 0,74 0,69 
Note: Comma represents decimal point. 

Table 4 


Influence of deep plowing on the content (%) of nitrogen in the plant organs, yield and 


Flowering, May 30, 1956 


Nitrogen content in the 
plant organs 


Leaf Stem Spike 


|Quality of grains;Jun.18195 


Absolute 
weight, ¢ 


quality of OD-3 winter wheat grains 


Protein . 
content, % 


“4,33 0,57 1,04 
1,64 0,60 1,02 
1,75 0,60 1,08 


14,20 
14,70 
14,02 


Go Gs Go 
—r CE 
ow oO 


Comma represents decimal point. 


tion of nitrogen and phosphorus increases. We 
must point out that the ratio of nitrogen and 
phosphorus is wider in deeply tilled soil. For 
each weight unit of phosphorus utilized during 
the heading period, a plant used 6.9 units of 
nitrogen from normally plowed soil, 8.24 units 
from soil plowed to a depth of 35 cm and 13.72 


units from soil plowed to a depth of 40 cm. 


The higher the nutrient supply, the higher the 
yield and its quality. The grain yield in this ex- 
periment was 29.8 cntr/ha on soil plowed to a 
depth of 40 cm, 28.5 cntr/ha on soil plowed to a 
depth of 35 cm and only 25.1 cntr/ha on the con- 
trol plot. The straw yield was 67.8, 64.6 and 
61.4 cntr/ha, respectively. The protein content 
during the period of full ripeness was 13.98% on 
soil plowed to a depth of 40 cm, and 12.23% on 
soil plowed to a depth of 35 cm and on the con- 
trol plot. It must be noted that the plants had a 
longer growing period (3-4 days) on deeply 
plowed soil, which resulted in a longer period of 
synthesis of organic substances. To substanti- 
ate this we must note that in the last 6 days the 
protein content in the grains increased by 0.72% 
on soil plowed to a depth of 45 cm, by 2.1% on 


Because of the poorly developed humus horizon, the soil could not be tilled deeper. 


soil plowed to 35 cm and by 0.51% on the control 
plot. Similar results were obtained for three 
varieties of winter wheat sown where corn was 
grown before. | 
Odessa 3 winter wheat was sown in the Stalin 
kolkhoz in the Golopristan' district of Kherson 
Region on early fallow turned over to a depth of 
20 and 40 cm. 


Along with plant analysis, the content of 
nitrates and water-soluble phosphoric acid in 
the soil was determined (Table 2). 


The data in Table 2 show that the content of 
nitrates and phosphorus in the upper layer in the 
fall is much higher on normally plowed soil than 
on deeply plowed soil. This can be explained, 
on the one hand, by the fact that in the deeply 
plowed area, part of the nutrients was removed 
to deeper layers as a result of better water 
penetration and, on the other hand, by the more 
intense utilization of these nutrients by plants. 
The latter is substantiated by the higher nitrogen 
content in the plant organs. Thus, the average 
nitrogen content in plants before wintering (Nov. 
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Table 5 


Influence of the deep tillage of the layer of perennial grass on the content of nitrogen and 
phosphoric acid in the plant organs of winter wheat under irrigated conditions. 
Educational farm No. 1, Agricultural Institute of Kherson, May 7, 1956 


20 4,60 3,36 0,805 
30 4,75 2, to 0,700 
35 4,63 3,12 0,718 


5,08 3,25 | 0,819 
5,22 3,34 | 0,742 
5,36 3,32 | 0,802 


Note: 


Comma represents decimal point. 


, 1956) was 4.47% on deeply plowed fallow and 
.14% on the control plot. During this period 
ach plant used 4.23 and 3.97 mg of nitrogen, 
espectively. There was no great difference in 
1e content of phosphoric acid and each plant on 
eeply plowed soil absorbed 1.24 mg of P,O,, 
nd on the control plot, 1.3 mg. 


As may be seen from Table 2, the content of 
utrients in the soil in spring was insignificant 
nd could not be used to determine the advan- 
iges of a given method of tilling. Plant analyses 
lade during the period of spring tillering and 
eading indicate that the supply of nutrients to 
lants is better in these periods (Table 3). 


By April 14, each plant had used 22.7 mg of 
itrogen on deeply plowed soil and 16.7 mg on the 
ontrol plot and the amount of phosphoric acid 
sed was 5.0 and 6.1 mg,respectively. At the 
2ginning of the heading period the uptake of 
itrogen was 77.8 and 43.9 mg and that of phos- 
10ric acid, 29.7 and 18.3 mg, respectively. As 
result of this, plants grew and developed bet- 
‘r on deeply plowed soil, had more leaves, 
igher productive tillering and had more chloro- 
1yll in their leaves. The content of raw chloro- 
2yll in the leaves of plants on deeply plowed 
yil in the fall was 47.7% higher, in spring 9% 
gher, and during the heading period 23.7% 
gher than on the control plot. Maximum 
ilorophyll content was recorded during the 
sading period. All this was reflected in the 
eld, which, in spite of the drought at the end 
June, was 2.7 cntr/ha higher on deeply plowed 
yil than on the control plot (32.3 cntr/ha). As 
result of the retardation of ripening on the 
eply plowed soil, the absolute weight of the 
‘ain was 3.7% lower than on the control plot 
9.93 g. Drought did not slow down the move- 
ent of nitrogen into the grains. The protein 
mtent in the grain on deeply plowed soil was 
..22% as compared to 12.69% on the control plot. 


The data of these two experiments agree with 
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Depth of Nitrogen | Phosphorus (P,0,) Based on one Ratio of 

tillage in Content in th : plant, mg nitrogen; 
me ntent in the organs in percent __| phosphorus 
1954 Leaf | Average | Leaf | Average | Nitrogen |Phospho in a plant 


Without fertilizers 


5 metric ton/ha of manure and 1 cntr/ha of superphosphate applied in 1954 to soil plowed in 
the fall and applied in the spring of 1953 to soil cultivated for seeding 


0,821 11,54 2,00 | 9,85 
0,714 13,05 2,85 10,83 
0,743 14,15 Yeey | 12,93 


0,890 23,06 A,A5 | 12,24 
0,823 27,37 4,89 13,23 
0,882 27,54 5,01 13,00 


those obtained for Odessa 3 winter wheat, begun 
in 1956 by the agronomist N. S. Kravtsov at the 
T.G. Shevchenko kolkhoz in Skadov district. The 
soil under the winter wheat was plowed im- 
mediately after grain crops were harvested. The 
rains of June and August replenished the mois- 
ture contents. We made one analysis of plant 
organs, the results of which are given in Table 4. 


All this agrees with earlier experiments made 
by us on winter wheat under irrigation conditions 
(2). Odessa 12 winter wheat was sown after ir- 
rigation and surface cultivation of the soil. The 
preceding crop was OD-10 corn which was sown 
after perennial grass sod was plowed to a depth 
of 20,30 and 35 cm. The experiment was 
replicated 4 times. Table 5 shows the content 
of nitrogen and phosphoric acid in the plant or- 
gans during the stage of stem growth. The soil 
was irrigated at a rate of 600 m3/ha before seed- 
ing. 


As the depth of cultivation was increased under 
preceding crops, the nitrogen content increased 
both against the background of fertilizers and 
without them. A decrease in the nitrogen con- 
tent in the stem was observed on soil plowed to 
a depth of 30 cm as compared to the control plot 
and soil plowed to a depth of 35 cm when no 
fertilizers were used. 


The content of phosphorus in the leaves and 
stems decreased when plowing depth was in- 
creased to 30 cm as compared to normal plowing. 
A further increase in plowing depth to 35 cm 
slightly increased the content of phosphoric acid 
as compared to plowing to a depth of 30 cm. 


The total removal of phosphoric acid and 
nitrogen by one plant increased with a plowing 
depth of 30 cm. A further increase of plowing 
depth did not increase removal significantly, ex- 
cept for nitrogen in the absence of fertilizers. 
Fertilizers, even though they were applied 2-3 
years previously, were still effective in increas- 
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Table 6 


Effect of soil tillage on the grain yield of 
OD-12 winter wheat and its quality. Edu- 
cational farm No. 1, Agricultural 
Institute of Kherson, 1956 


8 
ino ao Grain | Absolute Content 
sg ield, | weight of 
ra y 
a&O- | cntr/ha | grains, g Nitro- 
@ Po Pro- | gen 
aS A tein, % kg/ha 


Without fertilizers 


20 LO a 30,7 |15,04| 43,0 
30 20,8 31,2 | 15,36] 48,8 
35 21,6 32) 67 }187; 66 (M56 57 


5 metric tons/ha of manure and 1 cntr/ha 
of superphosphate applied in 1952 to soil 
plowed in the fall and applied in the spring 
of 1953 to soil cultivated for seeding 


20 22,0 294 118586 aGly2 
30 24,3 31,3 
35 24,9 31,3 


Note: Yield was calculated by the Agri- 
cultural Chair of the Agricultural Institute of 


Kherson, the analysis was made by the author. 


Note: Comma represents decimal point. 


ing the removal of nitrogen and phosphoric acid 


by plants (Table 6) 


Because of the absence of irrigation during 
the growing period and the dryness during the 
second half of the growing period, the yield of 
winter wheat was comparatively low. The in- 


crease in the depth of plowing under the preced- 


ing crop had an effect on winter wheat, both with 


fertilizers and without them. As plowing depth 


is increased, the absolute weight of grain, the 
protein content and the removal of nitrogen in 
the grain yield increase. 


Thus, it was established on the experimental 


basis that deep tillage of chestnut soils to a 
depth of 35-40 cm has a favorable effect on the 
utilization of nitrogen and phosphoric acid by 
winter wheat. 


phosphorus to plant on deeply plowed soil pro- 


moted the development and growth of the plants 


and the synthesis of organic substances, which 


resulted in an increase of yield and an improve- 


ment of its quality. 
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NCIENT LANDSCAPES OF MOSCOW ACCORDING TO A SPORE 


ND POLLEN ANALYSIS 


L. AFONSKIY, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


The spore and pollen analysis is widely used 
present for solving theoretical and practical 
blems in the fields of geology, palaeontology, 
sheology, etc. The results of the analysis 

y be also used for solving a series of prob- 
as in the field of soil science, first of all the 
dy of buried soils in order to determine the 
nplex of natural conditions under which they 
med. 


For a wider use of pollen analysis in solving 
yblems related to the soil genesis it is im- 
‘tant to elaborate the method of sampling and 
work out methods for interpreting data of the 
re and pollen analysis as related to a de- 

ite series of problems, for instance, the 
yblem of the preserving and washing of pollen 
soil. 


In this article we will give the results of the 
len analysis of buried soils discovered dur- 
the digging of a hole in the Zaryad'ye area 

Moscow. 


The analysis was made of a soil layer 195 
thick (described by K.P. Bogatyrev) which 
s to a depth of 385 cm. 


Trench No. 5. 


0-15 cm. Dark-gray, clay loam rich in 

ris from construction, containing tile and, 

he lower part, chips and birch bark. Transi- 
1 is abrupt. 


15-53 cm. Dark-grey, almost black, fine 

y loam, gravel with wood charcoal in places, 
taining tiles (clay) in the lower part. Transi- 
1 is abrupt. 


53-71 cm. Darkish-brown clay loam. 
-uptly replaced by the underlying horizon. 


71-87 cm. Unevenly colored—from gray to 
k-gray, uneven texture—from clay loam to 
d Gn spots). Abrupt transition. 


37-112 cm. Gray sand with small lenses of 
k-grey clay loam with sand. Abruptly re- 
sed by the next horizon. 


112-125 cm. Darkish-gray clay loam witha 
k cinnamon-brownish tinge, contains black- 
> spots. Abruptly replaced by the next hori- 
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125-145 cm. Darker clay loam, containing 
chips. Comparatively abrupt by the next hori- 
zon. 

145-155 cm. Same clay loam, slightly 
gleyed. 

155-195 cm. Dark sand with occasional 


pebbles (black flint), All the horizons are very 
moist and the lower horizon is wet. 


As may be seen from the morphological 
description, the buried humus horizons of the 
soil are enriched by chips, tile, etc., which 
indicates that they have been turned over so that 
no conclusions as to their genesis can be made 
from their outward appearance (humification, 
thickness). In this case pollen analysis is the 
only method which can reveal the natural condi- 
tions of formation of these buried soils, the 
age of which in this case is determined by 
archeologists. 


Altogether six samples were analyzed. The 
results of the analysis are given in the graph of 
the general composition of woody and non-woody 
spores and pollen. 


Sample 6, depth 155-195 cm. The number of 
pollen grains counted in the sample was 377. In 
examining the graph of the general composition 
of pollen, one may see that spores predominate 
in the spore-pollen spectrum, the second place 
is occupied by woody pollen and the third, by 
pollen of non-woody plants. The analysis of the 
composition of woody pollen shows the dominat- 
ing role of conifers inne and spruce) with a 
small admixture of deciduous species (oak, 
basswood, hornbeam, birch and hazelnut). 
Among pollen of non-woody plants the first 
place is occupied by pollen of mixed herbs and 
grasses. Mixed herbage pollen is mainly re- 
presented by pollen of the phlox family, the 
madder family, the cruciferae family, saxi- 
fraga family, and the Umbellales. It is inter- 
esting to note that in this horizon several pollen 
grains of Stratiotes of the family of Hydro- 
charitaceae, which are widely distributed at 
present in temperate latitudes, were found 


1 Prepared samples were given acetolysin method, 
determination and counts by pollen grains were with 
enlargements at 10 x 20 and 10 x 40. 
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Fig. 1 - Composition of pollen and spores in the buried soil. 
A - general composition; 1 - woody pollen; 2 - non-woody pollen; 3 - spores. 


B - woody pollen: 4 - Pinus; 5 - Picea; 6 - total number of Quercus pollen; 
Tilia; 7 - Betula; 8 - Carpinus; 9 - Corylus. C - non-woody pollen; 10 - 


Giaminea; 11] - Chenopodiaceae; 
14 - Polypodiaceae; 


among the pollen of non-woody plants. Strati- 
otes is a plant which tends to choke the waters of 
Takes, it produces pollen in large quantities 
which do not keep well because their exine is 

not very resistant. Therefore, finding pollen 

of this family is a rare phenomenon (3). 


In contrast to other horizon, a considerable 
number of the goosefoot family Chenopodiaceae 
pollen was found in this horizon, amounting to 
10% of all pollen of non-woody plants. Among 
the spores a dominant place is occupied by the 
spores of green mosses and ferns. Spores of 
sphagnum mosses amount only to 1% of the 
total spores. 


The spore-pollen spectrum obtained belongs 
to the phase of mixed conifer and broadleaf 
forests and is close to the spectrum of the same 
phase as described by Grichuk (1, 2). 


Sample 5, depth 112-125 cm. The number of 
pollen grains counted was 292. In analyzing the 
data on the general composition of the spectrum, 
one must note the increase in the number of 
spores and the decrease in the number of woody 
and non-woody pollen as compared to the pre- 
ceding horizon. In the composition of woody 
pollen, pine (62%) and spruce (37%) predominate 
and pollen of broadleaf species is totally ab- 
sent. The pollen spectrum of non-woody species 
is represented in this horizon exclusively by 
mixed herbs. The number of spores of green 
mosses continues to increase, while that of 
ferns decreases. Spores of sphagnum mosses 
are totally absent in this horizon. All this gives 
enough basis to assume that the vegetation of 
this area was close to that of the present-day 
vegetation of conifer forests and was probably 
very sparse. 


Sample 4, depth 87-112 cm. The number of 
pollen grains counted in this sample was 249. 
This spectrum differs from the preceding by the 
sharp change of the percentage relationship in 
the general composition. The dominating place 
is now occupied by the pollen of woody plants 
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12 - mixed herbs. D - spores: 
15 - Sphagnales; p.g. - pollen grains. 


13 - Bryales; 


(55%), the second place, by pollen of non- 
woody plants (24%), while spores amount to 
21% of the total. There is a complete absence 
of pollen of broadleaf species among woody 
pollen, an increase of spruce pollen from 62% 
in the preceding horizon to 72% and a decrease 
of spruce pollen from 37% to 28%. Grass pol- 
lens appear again among pollens of non-woody 
plants, but the first place is occupied by 
mixed herb pollens, as before. Spores of 
green and sphagnum mosses predominate among 
the spores and there are less fern spores. 


As a result of the spore and pollen analysis 
one may assume that during the period of 
deposition of this horizon, the vegetation of the 
area was Close to that of contemporary conifer 
forests. 


Sample 3, depth 53-71cm. The number of 
pollen grains counted in the sample was 89. The 


composition of the spore and pollen spectrum is 
similar to that of the preceding horizon and differs 
from it only by the absence of non-woody pollen and 
a certain increase inthe amount of spores. Anal- 
ysis of woody pollen indicates a regular decrease 
of the amount of spruce pollen from 28% in the pre- 
ceding horizon to 10% and an increase in the num- 
ber of pine pollen (from 72%-90%). Spores are 
mainly represented by fern, green and sphagnum 
mosses. In examining the spectrum we reach the 
conclusion that by its composition it belongs to the 
spectrum of coniferous forests with contemporary 
vegetation. 


Sample 2, depth 15-53, and sample 1, depth 
0-15 cm. The percentage composition of pollen 
could not be determined because of the insuf- 
ficient amount of pollen grains. 


In examining the characteristics of the spore 
and pollen spectra of various horizons of the 
buried soil we must note the changes in their 
composition. These changes reflect the influ- 
ence of climatic variations on the composition of 
vegetation and indicate a change in climate from 
a milder one (during the period corresponding to 
the lower horizon) to a cooler one (in the upper ; 


¢ 
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-izons). 


The data obtained by the spore and pollen 
lysis are substantiated by the first informa- 
n available on the vegetation and climate of 
scow which is contained in chronicles. Thus, 
‘instance, in order to settle in the area and 
ablish fields, the first settlers had to clear 
lense taiga. In 1330 Ivan Kalita built the 
urch of Christ in the Forest in the area of the 
emlin. The name of the church shows that 
this time there were still pine forests in the 
2a. This is also indicated by such names as 
rovitskiye (Forest) gates, the church of John 
- Baptist in the Woods, etc. 


According to the Voskresensk chronicle, 

m 1339 the Kremlin was surrounded by an 

< wall. ''The remains of oak logs 'an arshin 
thickness’ which were found during the con- 
uction of the Great Kremlin Palace testify to 
fact that oaks grew in abundance in the vi- 
ity; it is doubtful that such logs could be 
yught by the*builders from afar." (Sobolev,4). 


In conclusion we may say that the small num- 
- of samples and their insufficient pollen con- 
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tent make a more detailed and accurate recon- 
struction of the nature of old Moscow difficult. 


Received December 4, 1959 
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DETERMINATION OF NITOGEN, PHOSPHORUS AND POTASSIUM 
IN PLANT MATERAL FROM A SINGLE SAMPLE 


K. E. GINZBURG and G. M. SHCHEGLOVA, V.V. Dokuchayev Soil Institute, the Academy of 


Sciences of the USSR 


Nitrogen, phosphorus and potassium are 
the main elements of plant nutrition, so that 
in the analysis of agricultural crops these 
three elements are determined first. 


In methodological instructions for the analysis 
of plants (5,9, 12,18) it is usually recommended 
that nitrogen, phosphorus and potassium be 
determined from three separate samples. Nitro- 
gen is usually determined by oxidation of a plant 
sample by the Kjeldahl method, using various 
catalysts (metallic mercury, selenium, CuSO,; 
mixtures of catalysts, such as CuSO, + K,SO, 
(Nag80,); CuSO, + K,SO, + SeO,, etc.). P.O, 
is determined by semi-ashing in a muffle fur- 
nace, adding to the plant mass, to reduce the 
escape of phosphorus, a solution of Ca(Mg) 
acetate, or by wet ignition in a mixture of 
concentrated acids (H,SO, + HNO,, etc.). K,O 
is determined by dry ashing; extraction in a hot 
water bath, or hot dilute HCl (0.01 N), and also 
extraction of potassium in the cold — 1 N HCl 


. 


There are certain proposals in the literature 
for faster methods of oxidizing plant material. 
Thus, Frear, Thomas and Edmiston (21) added 
KMnO, to H,SO, to accelerate oxidizing plants 
in the Kjeldahl method, whereby the time of 
oxidizing one sample was reduced from 8-14 to 
1-2 hours. 


I, F. Golubev (4) recommends a mixture of 
H,SO, and KMnO, for the decomposition of soil 
and peat, followed by the determination in the 
solution of nitrogen and phosphorus. It must 
be kept in mind, however, that in the combus- 
tion of plant material in a solution of H,SO, + 
KMnO,, we and other investigators (21) estab- 
lished a loss of nitrogen in a number of cases, 
The H,SO, + H,O, is also used for the combus- 
tion of plant material, which reduces the com- 
bustion time of one sample from 8-14 to 2-2.5 
hours. Almost all elements, except sulfur and 
in certain cases phosphorus (when hydrogen 
peroxide contains a large amount of phosphorus) 
can be determined from the solution obtained. 
Using this method of plant combustion, Wolf 
and Ichisaka (22) determined five elements 
from one sample: N,P,K, Ca and Mg; Pine- 
vich (10) determined two elements: N and P; 
and Kurkayev (7), three elements: N, P and K, 


Recently a number of countries have been 
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widely using mixtures of concentrated acids 

for wet ashing of plant material. In order to 
accelerate combustion 70%-72% HC10, or 

its salts (KC1O,, NaClO,) are added to the 
mixture. Toth, Pringe, Wallace and others 
(20) oxidized plant material in a mixture of 
HNO, and HC1O, (3:1) and determined eight ele- 
ments — P,K, Na, Mg, Fe, Mn and §S in the 
solution obtained. Liiders (16) used a mixture 
of HNO,, HC10, and H,SO, (40:4:1) to oxidize 
plants and determined five elements: P, Fe, Mn, 
Cu and Zn in the solution obtained, The foregoing 
methods exclude the possibility of determining 
nitrogen in the solution, since nitric acid is 
present in the mixture, 


We verified the possibility of determining 
phosphorus and potassium along with nitrogen 
during the combustion of plants according to 
the Kjeldahl method; we made an attempt to 
use the accelerated method for combustion of 
plant material. 


Combustion of plants by the Kjeldahl method 
(in the presence of the catalysts CuSO, or Se) 


To 0.2 g of ground plant material in a 
Kjeldahl flask (100-ml capacity), 5 ml of con- 
centrated H,SO, and 0.1 g of copper sulfate (or 
0.05 g of metallic selenium powder) are added; 
the mixture obtained is kept overnight after 
which the sample under study is oxidized as 
described in the instructions (5,9, 12,18). After 
the completion of combustion, the mixture is 
cooled and placed in 100-ml volumetric flasks 
which are then brought up to volume with dis- 
tilled water and the content is stirred. The 
solution obtained is used to determine nitrogen, 
phosphorus and potassium. A detailed descrip- 
tion of the method of determining these elements 
in the solution is given below (see: combustion of 
plants in a mixture of H,SO, + HClO, + CuSO,). 


As may be seen from Table 1, nitrogen, 
phosphorus and potassium may be determined 
from a single sample of plant material when 
it is oxidized in a mixture of H,SO, + CuSO, 
We established (Table 2) thatincombustion of — 
plants in a mixture of H,SO, + Se, nitrogen i 
and potassium may be determined from a single 
sample, 


Hutton and Hye (14) determined N, P, K, Na, _ 


NITROGEN, PHOSPHOROUS AND POTASSIUM DETERMINATION 


Table 1 


Determination of N, P, K from a single sample by combustion of plant material 
in a mixture of H,SO, + CuSO,, 


Corn Leaf 1,62} 1,60)]—1,2) 0,35 | 0,36 j+ 2,8] 0,64 | 0,64 |—- 4,7 
Potato Top 2,25] 2,26}-+0,4] 0,46 | 0,48 |4+ 4,3] 1,56 | 1,80 |+-15,2 
Mustard Leaf 1,38] 4,36}—1,4} 0,34 | 0,36 J+ 6,0} 3,29 | 3,27 |— 0,6 
Sudan grass Stem 0,54}0,49}—9,3} 0,17 | 0,45 |—12,0) 1,08 | 1,415 |+ 6,5 
Winter wheat Grain /{2,14/2,41|—1,4] 0,65 | 0,70 |4+ 7,7 No data 

Winter rye a 4,541 4554} —1,9| 0,98 | 0,96 |— 2,0; 0,53 | 0,59 [+41,3 
Millet " 1,42|4,36|—4,21 0,75 | 0,79 |+ 5,3] 0,36 | 0,33 |—"8,3 


Ste: Comma represents decimal point. 
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Table 2 


Determination of N and K from a single sample by combustion of plant 
material in a mixture of H,SO, + 


Plant Part of. plant 


Corn 
Al 


Potato 

Sudan grass 
Winter wheat 
Millet 


Note: Comma represents decimal point. 


and Mg in the solution obtained from the 
ibustion of plants in a mixture of H,SO, + Se. 


Ashing of a Plant Mass in 60% HClO, 


\ long time ago investigators noted the valu- 
2 properties of 70%-72% HC1lO,, which, in 
‘rast to waterless perchloric acid, is not 
;onous, not explosive and stable (3, 8). Chlor- 
cid is the strongest of all known acids. The 
s of chloric acid (perchlorates), except for 
w, dissolved readily in water. The oxidiz- 
action of perchloric acid takes effect at 
peratures near the boiling point (200°C). 
chloric acid is widely used for oxidizing 
ous substances, including organic sub- 
ices, It may also be used for combusting 

t material. Thus, Bobritskaya (1) used 
HC10O, for analyzing lithophilous plants. 
used 60% HC10, for the analysis of various 
cultural crops. 


nalytical procedure. A 0.2 g sample of 
ind plant material is placed in a Kjeldahl 
k of 100-ml capacity; 10 ml of 60% HClO, 
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Se, % of air-dried substance 


Relative er- 
ror of the 
analysis, % 


Whommuo 
mPOA QW~)] 


SOofeeR es 


is added to it and the mixture obtained is kept 
cool for 1 hour or overnight. At the same 

time two controlflasks are prepared, contain- 
ing only the reagents without the plant material. 
Then the flasks are put on a fire, in sucha 
manner that the flame does not touch their 
bottom, and heated until complete destruction 
and oxidation of the organic matter, which is 
determined by the complete loss of color of 

the solution, The ashing of a single plant 
sample is completed in 20-40 min, After this, 
the mixture is cooled and placed in 100-ml1 volu- 
metric flasks which are brought up to volume 
with distilled water and stirred. The solution 
obtained, designated as A, is used for the de- 
termination of nitrogen, phosphorus and potas- 
sium (see below). 


Solution B.. Twenty-five mls of the A solution 
is placed in 100-ml volumetric flasks which 
are then brought up to volume with distilled 
water, stirred, and the solution is used for 
determining potassium and phosphorus, 


Nitrogen determination. Twenty-five mls of 
the A solution is taken for distilling of ammonia 
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by the semimicro-Kjeldahl method (for details 
see below). 


Determination of phosphorus. Two to ten 
mls of the B solution is ed in 50-m1 volu- 
metric flasks, diluted with water to 25-30 ml, 
two drops of the B-dinitrophenol indicator are 
added (saturated water solution) and the solution 
is titrated with 10% NH,OH until a yellow color- 
ation appears, which is then removed by the 
addition of 1-2 drops of 10% HCl or H,SO,. After 
this the phosphorus in the solution is determined 
colorimetrically using the method of Truog- Meyer 
(11) in an electrophotocolorimeter with a red 
filter (A-656 my). 


Potassium determination. It is determined in 
a flame spectrophotometer according to the 
method described by Ivanov (6) using the B so- 
lution. When the amount of potassium in a 
sample is small (grass seeds, etc.) it is de- 
termined from the A solution. The results of 
the analyses are given in Table 3. The data in 
this table show that the relative error of the 
analysis in the determination of phosphorus and 
potassium amounts to + 1%-3% and rarely reaches 
6%-10%. 


The results of the determinations of the nitro- 
gen content in plants were in all cases smaller 
than corresponding data obtained from the com- 
bustion of plants by the Kjeldahl method. This 
was especially pronounced in the analysis of 
grain, where the relative error of the determina- 
tions exceeded 10% and reached 17%-18% ina 
number of cases. In addition, there were dis- 


crepancies between the nitrogen content of 
parallel samples in the analysis of grain. 


Nitrogen losses which occurred on oxidation 
of plant samples in 60% HClO, may be attributed 
to several causes. In the opinion of certain in- 
vestigators (17) they may be caused by the de- 
composition of ammonium perchlorate, which 
forms during the process of oxidation of plant 
material in perchloric acid. In addition, it is 
known that hot perchloric acid, being a strong 
oxidizer, may at the same time be a weak re- 
ducer. Smith (19) showed that the decomposi- 
tion of perchloric acid takes place in two direc- 
tions simultaneously: 


4HC1O, — — 2Cl, + 70, + 2H,O — oxidizer (1 


2HC1O, —-— Cl, + 30,+ H,O, — weak reducer (2) 


The decomposition of HC1O, takes place pre- 


dominantly in the manner of the reaction type 
(1) and only a small part of it decomposes in 
the manner of the reaction type (2). The ability 
of hot HC10, to be simultaneously an oxidizer 
and a reducer results in that 72% HClO, alone 
cannot fully oxidize trivalent chromium to 
hexavalent chromium, trivalent cerium to tetra- 
valent cerium, etc. 


Proceeding from the foregoing peculiarities 
of HC10,, we may assume that nitrogen losses 
on the oxidation of a plant sample in 60% HC10, 
are related to a partial reduction of ammonia, 
forming in the process of oxidation of the plant 
material, to N,. Thus, on the basis of the data 
obtained, 60% HClO, may be recommended for 


Table 3 


Determination of N, P, K from a single sample by combustion of plant material 
in 60% HC104, % of air-dried substance 


N | Boe K,0 

2, erosen| ee od] oD 4 we 

Plant Part of plant SB Se oe Sa a a ai} 

ge] 5 [52/22 | 5 (228) 2 | 5 (222 

ae} ase/a* | § Seq] e | § labs 

het ma se] eee (Clef dee ea 
Sugar beet Leaf 3,44/3,25} —5,5] 1,65 | 4,63) —1,2| 2,57 | 2,38 1-0. 74 
Stem 118/415] —2'5| 0781 10786] --672| 4.55 | 4°13 [-9'9. 

Potato Leaf 3,713,414) 6,8] 1/2094 29 -poenbna 3s] qos cullege 
" Stem 1,26/1,03|—18,0| 0,56 |0,57| -1-1,7| 1,62 | 1.54 |_6'8 
Corn Leaf 1,60/1,52] —5/0| 0,28 eg 1-3,5] 0.64 | 0.68 [46.2 
Stem 1,030, 92|—10;6 Nodata | | 0,36 | 0/39 [48/3 
Millet Leaf 1,5211,49] —1,9] 0,66 10,68] +-3,0] 1,49 | 160 [1-773 
: Stem 0,45)0 45 0,0) 0,40 |0,40] 0,0] Ost | 0.57 J4-11,7 
r 1,82]1,75| —3,8] 0,78 |0,80] -i-2.5 No d 
Mustard Stem 0,53/0,52| —1,8] 0,84 |0,87 1.375 OF92 0,93 ie 
Pee Husk 126/418] —6,4| 0,28 |0,98] 030] 1,70 | 1.73 ee 4.7 
dan g Leaf 2,34/2,29] —2,4] 0,33 [0,35] +601 1,83 | 1.86 |4- 1.5 
Stem 0,65/0,61] —6,1] 0,17 |0,19|-+42-41 1545 | 4.41 |— 9/7 
Alfalfa Entire plant |2,58|2,35| —8,9| 0,38 |0,34|—10,5| 1.50 | 1.45 |. 33 
. Seed 5,70|5,05\—11,4] 1,75 [1,73] —1,4) 4,30 | 1.31-L4 0,8 
Winter rye Hay 0,5210,50] —3,8] 0,21 [0,22] +-4,8] 1.20 | 1:22 4 4.6 
: Grain ,48]1,23|—17,0| 0,83 10,83) 0:0] 0,65 | 0.62 |— 4'6 
" 2, 11]1,88/—10,9] 0,88 |0,96| -£9'4] 0/57 | 0556 |— 4:8 


Note: Comma represents decimal point. 
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NITROGEN, PHOSPHOROUS AND POTASSIUM DETERMINATION 


ng plant materials and determining phos- 

us and potassium in the solution (it is not 
ymmended that nitrogen be determined). This 
10d reduces considerably the time required 
he combustion of one sample (20-40 min 
ompared to 3-6 hours), 


mbustion of Plant Material in a Mixture of 
soncentrated H,SO, + 60% HClO, + CuSO, 


'. Smith (19) notes that the full oxidation of 

ous substances with perchloric acid may 

chieved with a mixture of perchloric acid 

concentrated sulfuric acid.’ The ratio of 

e acids in the mixture is determined experi- 

tally for various substances. For deter- 

ng total nitrogen in various organic sub- 

ces (primarily of protein origin) Mears and 

sey (17) establish the amount of 72% HClO, 

hh can be present in a mixture with concen- 

>d H,SO, without causing nitrogen losses 

nl of concentrated H SO, + 2 ml 72% NC10, 

y CuSO, were added to 1 g of organic 

rial). The addition of more than 2 ml HClO, 

ie mixture usually led to the loss of nitro- © 
Mears and Hussey pointed out the fact 

the method proposed by them considerably 

lerates the combustion of organic sub- 

ces as compared to the Kjeldahl method (from 

0 hours to 15-20 min). 


1 relation to this we tried (with minor modi- 
ions) to use the method of Mears and 

sey for the analysis of various agricultural 
Ss, and determined, from the solution ob- 
>d after combustion, phosphorus and potas- 
1 in addition to nitrogen. 


nalytical procedure. Immediately before 
stion a mixture of H,SO, + HClO, is pre- 
d in such a manner that for each 5 ml of 
entrated H,SO, there will be 0.5 ml of 60% 
),. A 0.2 g sample of ground plant material 
aced in a Kjeldahl flask of 50-100 ml capacity 
5.5 ml of the mixture of H,SO, with HC1O, 
J.1 g of CuSO, x 5H,O salt is added to it. 
1e same time two flasks are prepared which 
ain the reagents without the plant mass; the 
tion obtained serves as a control for the 
ty of the reagents used in the analysis. The 
ure is left to cool for 30-60 min (it is not 
mmended that it be left overnight), then the 
-s are placed on a gas burner covered with 
stos and allowed to warm for 5-7 min until 
mogeneous cinnamon-brownish paste forms. 
r this, combustion is continued on an open 
e until the solution becomes transparent 
light blue in color. The combustion of one 
\le takes 15-20 min. After the completion 
hing, the mixture is cooled, transferred 
0-ml volumetric flasks, brought up to vol- 
with distilled water, and stirred. The solu- 
obtained after combustion is conditionally 
ted with the letter A and is used as the initial 
ion for the further determination of nitrogen, 
phorus and potassium (see below). 


lution B. Twenty-five ml of the A solution 
aced in 100-ml volumetric flasks, brought 

. volume with water and stirred. Solution 
rves for the determination of phosphorus and 
ssium. 


itrogen determination. Twenty-five ml of 
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phosphorous and potassium content in various 


the A solution is taken and ammonia is distilled 
in the micro-Kjeldahl apparatus (12) The dis- 
tilled ammonia is absorbed by 0.02 N H,SO,. Ex- 
cess acid in the collecting vessel is titrated with 
0.02 N NaOH in the presence of 4-5 drops of 

the Groag indicator until the color of the indi- 
cator changes from red-violet to gray and to 
green, 


Preparation of the Groag indicator. To 100 
ml of a saturated alcohol solution of methyl red 
4 ml a 1% aqueous solution of methylene blue 
is added, 


Potassium determination is made in solution 
B or A (depending on the amount of potassium 
in plant material) on flame photometer. 


Phosphorous determination. Five to ten ml 
of the B solution is placed in 50-ml volumetric 


flasks, diluted with water to 25-30 ml, two 
drops of the B-dinitrophenol indicator are 
added and the whole is titrated with 10% NH,OH 
until a yellow color appears, which is later 
removed by the addition of 1-2 drops of 10% 
HCl or H,SO,. After this, phosphorus is de- 
termined in the solution using the colorimetric 
method of Truog-Meyer (10). It must be noted, 
however, that in spite of the fact that the B 
solution, which is used for determining phos- 
phorus, is colorless, the amount of copper it 
contains often interferes in the colorimetric 
determination of phosphorus. This is possibly 
due to the fact that copper, as well as phos- 
phorus, may form with MoO, a heteropolyacid 
of the following composition: H,, [Cu(Mo0O,),]. 
To eliminate the effect of copper on the color- 
imetric determination of phosphorus by the 
method of blue coloration, 5-10 ml of a control 
solution B (i.e. , dilute control solution which 
contains all the reagents used in the analysis 
without the plant material, are added to the 
flasks containing standard phosphorous solu- 
tions, If the phosphorous content in the solu- 
tion studied is determined from the normal 
scale, without the addition of CuSO,, the data 
obtained are slightly too low, especially when 
a 50-ml solution contains more than 0.02 mg 

of P,O,. 


The results of the analyses, which are given 
in Table 4, show that during the determination 
of nitrogen by the combustion of plants in a 
mixture of H,SO, + HC1O, + CuSO,, the relative 
error of the analysis varied in most cases from 
0 to + 0.5%-1.8%. 


The results of phosphorous and potassium de- 
terminations closely agree with data obtained 
by standard methods. The relative error of 
the analysis varied from + 2%-6%. 


Thus the method described allows rapid 
combustion of a plant material (15-20 min in- | 
stead of 8-14 hr) and a sufficiently accur- 
ate determination (as compared to classical 
methods) of nitrogen, phosphorus and potas- 
sium in the solution, These characteristics : 
of the proposed method greatly simplify the 
analysis of plants and make it possible to 
conduct mass determinations of the nitrogen, 


agricultural crops. 


K.E. GINZBURG AND G.M. SHCHEGLOVA 


Table 4 


Determination of N, P, K from a single s 


H,SO, + HClO, + CuSO,, % of 


ample by combustion of plant material in a mixture of 


air-dried substance 


N K,0 
Ho HD A 
od + on aM a 
Be S [EB | w | o [Ea 
Plant Part of plant 3) ® 3 ~ rs) 2 E g 5 aut 
eee | ae [Ree co es oe PP ec & aS le 
@5/+to|l5o r M1 +O [oo os +O |xe 
Ta) ~n |e. lets Sn SS Byes Sous 
c=) | K@) Ss Sic Os Jae a) Os eG 
oo AS Ow, ow AO O eciikes A CAS) fc Ore 
Mal wy. |e ose] ms] rz [mos oy 
4,25/4,25| 6,0/0,77| 0,72 | —6,5) 4,55 4,41 | —3,4 
4,38}4 36] —1,4|0,34] 0,36 | 46,0} 3,29 | 3,20 | —2,7 
Winter wheat 2 14/2 ,01) —6,5|0,65] 0,70 | +7,7| 0,40 | 0,37 | —7,5 
Millet 1,42|4,36} —4,2|0,75| 0,78 | +4,0 No data 
Winter rye 1,54/4,52) —1,3]0,98| 0,96 | —2,0) 0,53 | 0,56 | +5,6 
Sudan grass 0,54/0,55}-+1,8/0,17] 0,45 |—12,0; 1,08 | 1,10 | +1,9 
2, 25/2,25) 0,010,46] 0,48 | +4,3) 1,56 | 1,56 0,0 
1,98]1,99} +0,5/0,26] 0,26 0,0) 4,07 | 4,15 | +-2,0 
1;62/4 57) —3,1]0,385] 0,386 | +2,8) 0,64 | 0,59 | —7,8 
Note: Comma represents decimal point. 
Conclusions hydrochloric acid extract. Trudy Poch- 


1. During the combustion of plant materials 
by the Kjeldahl method in a mixture of H,SO, + 
CuSO,, phosphorus and potassium may be de- 
termined along with nitrogen in the solution ob- 
tained. 


2. It is shown that during the combustion of 
plant materials in a mixture of H,SO, + Se it 
is possible to determine nitrogen and potassium 
from a single sample. 


3. The method of the wet ashing of plants in 
60% HClO, allows sufficiently accurate and 
rapid determination of phosphorus and potas- 
sium from one plant sample. The duration of 
combustion of one sample is 20-40 min (instead 
of 3-6 hr). 


4, A method of accelerated combustion of 
plants in a mixture of concentrated H,SO, + 
60% HC10, + CuSO, followed by the determina- 
tion of nitrogen in ‘the solution obtained is pro- 
posed. The duration of the combustion of one 
sample is 15-20 min (instead of 8-14 hr). 


Received December 15, 1959 
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METHODS OF ASSESSING SOIL ALGAE AS A COMPONENT 


OF THE MICROFLORA OF SOIL 


E. A. SHTINA, Agricultural Institute of Kirov 


In microbiological soil investigations, all the 
complex of soil microorganisms must be taken 
into account, if possible. Until recently, micro- 
biologists studied mainly bacteria, actinomyces 
and partly fungi. Attention is now being given 
more and more to soil protozoa and algae, which 
are distributed throughout the soil. 


However, soil algae are still being studied 
separately from other soil microorganisms. 
Algae are almost exclusively studied by 
botanists -algologists and primarily from the 
point of view of systematization. Algologists 
rarely relate their data to microbiological soil 
investigations. Microbiologists, on the other 
hand, do not deal generally with soil algae be- 
cause of the specificity of the methods of in- 
vestigation. This is why methodological prob- 
lems are so important, in particular the work- 
ing out of such simple methods which would al- 
low microbiologists -soil scientists to include 
the study of algae into their field of work. 


In the last 25 years, comprehensive soil- 
algological studies have been conducted in the 
USSR. The species composition of algae in 
various soil groups has been studied, certain 
principles of the development of algae in cul- 
tivated soils have been clarified and the par- 
ticipation of algae in soil processes is being 
studied. Material on the number of algae in 
soils and the mass of organic substances pro- 
duced by them is accumulating and ways of using 
soil algae in practice are being sought out. 


The best methods of determining and assess- 
ing algae have been established in the course of 
investigations. These methods may be recom- 
mended for extensive use during soil-micro- 
biological work. In evaluating and selecting 
the methods, consideration was given to the re- 
quirements that investigation conditions be as 
close as possible to the natural habitats of algae, 
that they be as simple as possible and appropri- 
ate for mass use. 


We will not review all methods in this article, 
but only dwell on those which, judging by the ex- 
perience gained during our investigations, best 
fulfill the foregoing requirements. We have in 
mind methods of determining and assessing al- 
gae in the soil, i.e., methods of determining the 
composition and amount of algae. Detailed 
physiological or morphological studies of in- 
dividual species will probably require special 
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methods, which are not being examined 
here. 


Methods of determining soil algae are really 
specific and differ in many aspects from meth- 
ods of study of other soil microorganisms. This 
specificity is determined by the following 
morphological and physiological characteristics 
of algae: 1) as autotrophic organisms they re- 
quire light, water and mineral salts for growth 
in a culture; 2) their growth in cultures is com- 
paratively slow, especially for spore-forming 
forms; 3) the large size of cells, not less than 
3u. for individual cells and lp in width for fila- 
mentous forms, make the identification of 
species possible only from morphological in- 
dices; 4) multicellular colonial and filamentous 
forms are frequently found, many of which form 
a strong slime, which makes a uniform distribu- 
tion of cells difficult during the preparation of 
a soil suspension. 


Both qualitative and quantitative methods are 
used in the study of soil algae. In both cases 
soils samples are collected under sterilized con 
ditions. Qualitative methods give the composi- 
tion of species and the general characteristics 
of algal associations. These methods are re- 
presented primarily by various versions of the 
culture method, in which the soil under study is 
placed in a sterile nutrient medium, either 
liquid or agar. More simple aqueous media are 
usually used for the culture of algae; distilled 
water from a distilling glass apparatus is used; 
tap water often produces a deterioratior. of the 
growth of the culture. 


There are many recipes for the preparation 
of mineral nutrient media for the culture of al- 
gae; the main recipes, as well as the techniques 
of growing a culture are described in the litera- 
ture (3,4,5, 7,18). The Bristol medium, as 
modified by Gollerbakh, is especially frequently 
ee for determining soil bacteria. It consists 
of: 


NaNO,—0.25g, KH,PO,—0.25g, MgSO,—0. 158: 
CaCl,—0.05g, NaCl—gand traces of Fe,Cl, 


to 1 liter of water. At the present time, media 
containing soil extract are being used more and 
more, such as the Danilov medium (750 ml 
water, 250 ml of extract from garden soil, 0.2 
g of Ca(NO,). and 0.2 g of K,HPO,) and an extrac 
from the soil under study with NPK salts added 
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ASSESSING SOIL ALGAE 


t, which was first used by Bolyshev and 
ucharova (1) and then by Mel'nikova (16). 


All media which contain readily available 
eral salts have one essential disadvantage; 
y create conditions favorable mainly to 

idly propagating green algae, which depress 
development of other species. This is why 
er results are obtained in many cases with 
ire extract from the soil studied. This ex- 
ct cannot be used for the investigation of soils 
ch are poor in nutrients, such as samples 
m deep horizons, or very acid soils. In our 
2stigations this was true of sod-podzolic 

IS, chernozems, many solonetzes and other 
is. The extract is prepared by shaking one 
t soil with four parts of water for five 

utes and subsequent filtration through the 
ire soil thickness. 


i comparing cultures grown in a pure soil 
ract and in the medium of Danilova the fol- 
ing differences were noted. More cells of 
en algae develop in the medium with the 
eral salts and the cells are larger and 

thter than in the soil extract. However, a’ 
ater variety of species appears, as a rule, 

, pure soil extract (Table 1). In addition, an 
sual grading of samples of various origins 
urs in a mineral medium, while in the water 
ract the difference between samples stands 
more clearly. 


Aqueous nutritional media are poured into 
-250 ml conical flasks in amounts of 60-100 

After sterilization, a given sample (usually 
g), or a given volume of soil, is placed in 
flask. For qualitative analysis it is not 
essary to bring the soil to the air-dried state, 
to pulverize and sieve it. On the contrary, 
best results are obtained by using freshly- 
ected soil. 


[he problem of the time the soil can be stored 
not been fully solved yet. Many soil algae 

e proved to be very resistant to drying 69) 
lerbakh (3) showed by special experiments 
the storage of soil in the air-dried state for 
-2 years does not affect the correctness of 

.e determinations. However, the allowable 
iod of storage apparently varies for various 

s and various groups of algae. As Meyyer 


d (15), many green algae among Conjugatae 
certain diatoms do not withstand drying; the 


same is true of Euglenoidina. This is why cul- 
tures should be grown within a few months after 
the collection of samples and not later than one 
year. 


Algal cultures grow in light; for this purpose 
the natural light from windows exposed to the 
north or northeast is used, while artificial light 
is used in winter. When light is deficient, mold 
fungi develop in the culture instead of algae. 
However, even with additional light, the 
seasonal periodicity of the growth of algae mani- 
fests itself in the culture, as shown by Goryunova 
and Nasonova (9). This is why the best time for 
growing soil algae in the central belt of the USSR 
is from the end of February to the beginning of 
November. 


The species of algae growing in a culture are 
determined with a microscope. There is a cer- 
tain sequence in the appearance and disappear - 
ance of species in a culture (27) and this is why 
the necessity arises of repeatedly examining 
them, starting after three weeks and ending af- 
ter 3-4 months. 


The identification of algae up to the species 
from keys requires special training and can only 
be made properly by algologists. The variety of 
the algal flora of soil is evidenced by the fact 
that in the soils of the USSR about 900 species 
and forms of algae were discovered; among them 
the same number of species is represented by 
green algae, blue-green algae and diatoms; 
there is a lesser number of yellow-green algae 
and only a few species of Euglenoidina, golden 
and pyrophytic algae. 


Thus, a full list of all species of algae is not 
necessary in mass microbiological soil investi- 
gations. It is sufficient to determine the pre- 
dominant forms and identify them up to the genus. 
For this purpose a series of local keys can be 
used (6, 11, 13, 14, 20, 24). 


A simplified qualitative method which can be 
used by any microbiologist is that of dish (soil) 
culture. This method is simple, as close to 
natural conditions as possible, ensures rapid 
growth and can thus be used for preliminary 
orientation (12, 25,17, 23,19). The soil studied 
is placed, possibly in an undisturbed state, in 
sterile Petri dishes and in a moist state (up to 
80%-100% of moisture capacity) under light. The 


Table 1 


Number of species of algae in various nutrient media 


Sod-podzolic 
Chernozem 
Crusty solonetz 


a) In the crust 
b) In the layer from 0-5c 


Takyr-like solonetz 
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No. of species identified 


In a pure | Inthe Dani- 


soil extract jlova medium 
| 


“ .2ee 
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Table 2 ; 


Number of species of algae in aqueous cultures and on growth glasses 


Time of soil 
storage 


2. month 

40 days 

2 years 
months 


! 


Sod-podzolic 


Peat-bog 
West Siberian chernozem 


Dark-chestnut 
Brown-desert-steppe 


3) 
8 
Deep solonetz o 
Deep solonetz 3) 
Meadow solonetz 2 
Meadow solonetz 5 


growth of algae, which rapidly appear at the 
soil surface and on the walls of the dish, is 
studied under the microscope. 


A successful variation of the dish culture is 
that of "growth glasses,"' first used by Lund 
(31) for the culture of diatoms and then by 
Vaulina (2). Sterile glass covers are placed on 
the soil surface in a dish and the soil is mois- 
tened periodically. Lund and Vaulina used a 
mineral solution for moistening. Judging from 
our observations, sterile distilled water may be 
used as successfully. Algae, which predominate 
in the given soil, soon begin to grow rapidly on 
the glass. Already after 3-4 days the glass may 
be examined under the microscope and the final 
results can be observed after two weeks. This 
is why growth glasses allow rapid determination 
of the predominating soil algae associations and 
the relation between large systematic groups. 
The importance of this method to the investiga- 
tion of algae may apparently be compared to the 
importance of ''growth glasses" for the identifica- 
tion of the active microflora" of soil by the 
method of Rybalkina and Kononenko (22). 


We compared the growth of algae in aqueous 
cultures and in growth glasses. The percent- 
age of correspondence, i.e., the number of 
species determined simultaneously in both cul- 
tures, differs for various cases and depends 
primarily on two factors: the composition of the 
algae, which is determined by the properties of 
the soil, and the time the soil samples were 
stored. The composition of the medium taken 
for the aqueous culture apparently also plays a 
role (Table 2). 


The sooner after the collection of soil the 
cultures are grown, the closer are the results 
obtained in both types of culture. At the same 
time, the difference between aqueous and growth 
glass cultures is always due to the same 
systematic differences. Comparatively more 
green and yellow-green algae and many less 
diatoms, or sometimes no diatoms, develop in 
aqueous cultures. There are always more dia- 
toms and blue-green algae of the Oscillatoria- 
ceae family on growth glasses. For example, 


the species Oscillatoria Phormidium, Micro- 
lens grow better on glass. 
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Number of algae species 


In the Dani- 
lova medi 


In growth 
glasses 


In a soil 
_ extract 


Thus, on growth glasses the following appear 
first: 1) very bulky forms, the buds of which — 
touch the glass; 2) those which tend to grow at © 
the surface of the soil (diatoms, blue-green al- 
gae ina slimy envelope, desmidiaceae, species 
of Hormidium, etc.); and 3) forms which are in 
an active state and which perish under prolonged 
drying and cannot be identified any more. In 
aqueous cultures, on the other hand, forms ap- 
pear which are in the dormant state, preserved 
in the form of spores, in addition to those con-— 
tained in the soil in the vegetative state. 


) 


In relation to this a question of principle / 
arises as to how truly cultures reflect natural — 
phenomena and whether it is possible to judge 
the state of the species in natural algal associa- 
tions from data obtained by the culture method. — 
Life conditions in aqueous cultures differ essen- 
tially from natural conditions. This is why 
aqueous cultures may give a wrong idea of the _ 
complex of dominating forms, even though they 
reflect well the general composition of algae __ 
living in soil. This is compensated for by dish 
cultures with growth glasses which primarily ~ 
reflect bulky and active forms. In addition, the 
freshly-collected soil must be examined micro- 
scopically whenever possible, this is especiall 
important in the presence of surface films and — 
generally for soils which are rich in algae. 
Direct microscopic examination cannot replac 
the culture method, but it aids considerably in 
preliminary orientation. 

Thus, when making algological soil investi- 
gations, classical aqueous cultures must be sup: 
plemented with soil cultures with growing glas 
and, if possible, with microscopic examinations 
of freshly-collected soil. | 


Mass microbiological investigations may be 
limited to soil cultures with growth glasses, 
which can be grown by any microbiologists and _ 
which give an accurate idea of the bulky types of 
algae in a given soil. 


Special attention should be paid to the identi- 
fication of diatoms. Algologists solve this prob 
lem in a different way. They examine aqueous 
cultures and usually come to the conclusion that 
soil is poor in diatoms. Actually, diatoms are 
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‘rom always being identified in aqueous cul- 
S because they begin to grow very early, 
weeks after a culture is started, and then die 
dly, whereby even their shells often disap- 

*, which according to Goryunova (8) may 
within several hours. If the examination of 
lture is delayed, the impression may be 

ed that there are no diatoms in the sample. 
r authors separate diatoms from the soil 

‘r study by elutriation. Since the determina- 
of diatoms is made from ignited samples, it 
udes not only live cells, but also empty shells 
ained in the soil. As a result, the list of 
tified species includes forms which are not 
rent to soil, for instance, empty shells of 
ous forms which were accidentally intro- 

d into the soil by water or wind. 


‘he only correct approach to the problem of 
identification of soil diatoms is their deter- 
ation on growth glasses by the method of 

i (31). Our data show that this method is 
icable to all soils, it reflects well the live 
ies contained in the soil and at the same 

» shows the relative importance of diatoms | 
ie life of various soils. 


ualitative methods are insufficient for 

ing the problem of the role of algae in soil. 
rder to judge the scale of activity of algae, 
must know their number and the number of 
3 in various soil layers. Quantiative meth- 
have a decisive importance for micro- 
»gical soil investigations, but they have not 
| worked out yet, and to this day quantitative 
stigations of soil algae are rarely made. 


uantitative methods are divided into culture 
direct methods. Because of the effective- 

} of the culture method in determining the 
position of algal associations, attempts 

> made to use it for the determination of the 
ber of algae (30,32). However, the methods 
yunting from cultures, which involve succes -~ 
dilution of the soil suspension and inoculat- 
t in the nutrient medium, have a number of 
tcomings and are not widely adopted. They 

> used only by Rikhter and Orlova (21) and 
yva (19) in the USSR. The shortcomings of 
ire counting methods are due to the uneven 
wth of individual species and the impossibility 
taining a uniform distribution of cells in the 
ension. This causes inaccuracies in the 

t. In addition, these methods are cumber- 
e and, if many determinations are made, 

ire inoculation and examination of all the 

els in which the cultures are grown. 


fe find direct methods of counting more con- 
ent and promising. In the last 10 years we 
used the method of Vinogradskiy in a sim- 
2d and modified form for the direct in- 
igation of algae. This method can be used 
ther than freshly-collected samples; if it is 
ssible to analyze a sample immediately 

- it has been collected, a 1-g (or 1 cm of 
sample of air-dried soil is fixed with 4% 
alin and can be examined later. The soil 
<ed with formalin as soon as it is air-dry, 
use prolonged drying may cause the defor- 
on of many algal cells. 


he simplified method of counting algae used 


; (26) consists in the following. A 1-g sam- 
f soil is shaken in 4 ml of water (or forma- 
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lin, if it has been fixed) for two minutes, left 

to settle for half a minute and poured into a 
centrifuge test tube. An additional 3 ml of water 
is poured twice into the remaining sediment and 
after shaking for a minute and settling for half a 
minute it is poured into the same tube. The sus- 
pension obtained is then poured in three centri- 
fuge test tubes and centrifuged for one minute at 
900 rotations, or for two minutes in a manual 
centrifuge. All the suspensions remaining after 
centrifuging and sediment 1 (heaviest particles 
which settle on sedimentation) are practically 
deprived of algae and are not taken into account. 
Each of the remaining sediments is brought up 
to a certain volume with distilled water, de- 
pending on the density of the suspension (usually 
10-20 ml), and after thorough shaking a drop of 
the suspension is placed on a counting plate or a 
slide and quickly covered with a cover glass. 
The volume of the drop is determined from the 
number of drops ina milliliter. The drop is 
examined either in its entirety or in part, for 
instance, every second or fifth longitudinal line, 
equal in width to the diameter of the field of 
vision. The number of algae in the preparation 
is recorded individually according to systematic 
groups. In the presence of multicellular forms, 
the number of varieties and the number of cells 
are noted. The number of algae in the entire 
suspension is determined by means of conver- 
sion and the sum of all three preparations gives 
the number in 1 g of soil. 


Comparison with culture methods showed a 
number of advantages of the direct method: 1) 
it is more accurate and gives a larger number 
of cells. For instance, in the simultaneous in- 
vestigation of one sample by the Rikhter and 
Orlova method (21) and the method of direct 
counting, the following values were obtained: 
10,000 cells of green algae exclusively in 1 ¢g of 
soil were determined by the culture method, 
while direct microscopic examination of this 
sample gave 176,000 cells in 1 g of soil, in- 
cluding 51,800 cells of diatoms, 7200 cells of 
blue-green algae and 11,700 cells of green al- 
gae. 2) It is more rapid if one takes into ac- 
count all the operations involved in the prepara- 
tion of a medium and the examination of all ves- 
sels. 3) It not only allows counting, but also 
observation of the state of algae under soil con- 
ditions. 


The direct method of counting requires a cer- 
tain experience in order to be able to differenti- 
ate algal cells from other particles, but may be 
used by any microbiologist. The method also 
has its disadvantages: 1) possibility of an error 
due to the failure of counting certain individual 
cells; 2) the difficulty of uniformly distributing 
the cells of filaments and colonies of algae; and 
3) the amount of work involved (3-5 hours are 
required to process one sample, depending on 
the soil texture). The use of fluorescent micro- 
scopy in the work of Tchan (33) is promising for 
the perfection of this method. The method of 
Tchan differs from our method in that the soil 
suspension is examined in a fluorescent micro- 
scope and all algal cells become visible at once 
as a result of the fluorescence of chlorophyll. 
Counting is effected more rapidly, however, 
it is impossible here to distinguish between 
systematic groups of algae. In addition, 
difficulties arise in the fixation of the ma- 
terial. 


E.A. SHTINA 


For the quantitative assessment of algae, 
Gromov (10) has recently used a method of 
growing cultures of fine earths and noted its 
simplicity and accuracy as compared to the 
Bristol method. We compared the method used 
by Gromov with the method of direct counting 
and came to the following conclusions. The cul- 
ture of fine earths in 2% aqueous agar, or even 
better ona soil extract with agar, is a success- 
ful modification of the qualitative method, al- 
lowing rapid determination of the bulky forms of 
algae. In this respect it is similar to the growth 
glass method. Diatoms, and green and blue- 
green algae grow well on agar, including spore- 
formers (for instance, species of Anabaena, 
Amorphonostoc, Stratonostoc), which grow 
slowly on glass. From the first days of growth, 
the algae, including diatoms, filaments of 
Oscillatoria, Phormidium, Microcoleus, 
Chlamydomonas cells, and the zoospores of 
green and yellow-green algae, begin to move 
actively at the surface of agar and emerge from 
the water film surrounding the little clumps of 
soil. As a result secondary colonies soon ap- 
pear which are not connected to the small 
clumps of soil and the boundaries between pri- 
mary and secondary colonies disappear. Fila- 
mentous forms do not form a solid network in 
which primary and secondary colonies cannot 

be distinguished. Such results were obtained 
with the cultures of three different soils: sod- 
podzolic, peat-bog and crusty solonetz. Sam- 
ples of 10-20 mg were taken. Five days after 
the cultures were started, colonies could be 
counted, but this count gave much lower values 
than those obtained by direct counting. For in- 
stance, 9300 individuals (not counting cells) 
were found in the solonetz, while direct counting 
showed 568,000 individuals; 5500 individuals 
were counted in sod-podzolic soil on agar, 

while direct counting gave 123,300. Ata later 
time counting was made impossible by the 
movement of the algae. We must note another 
factor: that samples in Petri dishes are 
examined under a microscope at low magnifica- 
tion and this takes a lot of time. The examina- 
tion of half a dish takes 1.5-2 hours. If one 
takes into account that counting is performed 
twice and much time is spent on growing the 
culture, it turns out that the culture method 
does not save time as compared to the direct 
method and is much less accurate. 


Thus, in spite of a number of disadvantages, 
such as the work involved, the direct method of 
counting is the most convenient. We must 
search for a simplification of this method which 
would accelerate work without decreasing ac- 
curacy. 


The direct method of quantitative assessment 
was widely used by us (25, 27, 28) for the solu- 
tion of problems on the number of algae in vari- 
ous soils, their distribution in the soil profile, 
their seasonal dynamics, the influence of agri- 
cultural practices and fertilizers on the develop- 
ment of algae in soils and the accumulation of 
algae in the rhizosphere of various plants. 


In certain cases we determined the biomass 
of algae after determining the number of their 
cells. All mass determinations were, of 
course, made on the basis of the mean size of 
cells and are very approximate. But there is no 
other way yet for determining the mass of algae 
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scattered in the soil. In addition, even approxi- 
mate values make it possible to compare the mas 
of algae in various soils. For instance, the bio- 
mass of algae in sod-podzolic soils varies from 
40-300 kg/ha, that in podzolic soils, from 7-20 
kg/ha, in peat-bog soils, from 20-80 kg/ha, in 
meadow soils, up to 500 kg/ha, etc. 


The accuracy of the quantitative assessment 
greatly depends on the manner in which the soil 
samples are taken. Soil taken for the counting 
of algae should correctly reflect the average 
state of the site under investigation. An average 
sample is best used for quantitative determina- 
tions, which is obtained by mixing several ini- 
tial samples, as it is done in normal microbio- 
logical soil investigations. In order to charac- 
terize an area up to 100 m? it is sufficient to 
take 4-5 initial samples, while for an area ex- 
ceeding 100 m? samples must be taken from 8- 
10 spots. Algae are very unevenly distributed 
along the soil profile, developing primarily in 
the upper layers. This is why in determining 
the number of algae in a given soil, the layer 
to which a given number of algae belong must be 
accurately noted. All samples for quantitative 
determinations of algae are usually taken from 
the 0-10 cm layer. A special case of quantita- 
tive determination involves the counting of 
algae in films and crusts which form at the soil 
surface under favorable moisture conditions. 
Cells in surface films are counted not on weight 
basis, but on area (1 cm?) basis. During the 
collection of samples for counting, surface films 
must be taken individually by fixing 1 cm? of the 
film. The samples are prepared for counting in 
the usual manner, but because of the abundance 
of algae and the difficulty of separating the algal 
tomentum, the suspension must be shaken for a 
long time and the counts repeated. Qualitative 
and quantitative methods of investigating algae 
supplement each other and by combining both 
methods the most accurate results are obtained, 


Data on the composition and number of algae 
are of great importance to the characterization 
of microbiological processes in soils. This is 
why it is desirable to include the assessment of 
soil algae into the program of microbiological 
soil investigations. 


Received July 20, 1959 
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RESULTS OF LEACHING FINE-TEXTURED SOILS, SALINIZED WITH 


SODIUM SULFATE 


A.K. AKHUNDOV, K.G. TEYMUROV 


There is no reason to doubt the experimental 
setup and the results of observations made by 
A.A. Kizilovoy on the mobility of Na+ and SO,- 
during winter leaching.+ But her conclusions 
that ''...the investigations made confirm the 
effectiveness and necessity of the winter leach- 
ing of solonchak-like soils, including solonchaks 
with the sulfate-magnesium-sodium type of 
salinization'' gives us, who work in the zone of 
of sulfate-sodium (mirabilite) salinization in 
the Kura-Araks lowland of the Azerbaydzhan 
SSR, cause for comment on this subject. 


As A.A. Kizilova mentions in her work, the 
solubility of sodium sulfate depends on the 
temperature of the water and greatly decreases 
with decreasing temperature. Under the same 
temperature the solubility of sodium sulfate 
varies greatly depending on its form of crystal- 
lization (Table 1). 


The work conducted on the leaching of fine- 
textured soils at the Shirvan experimental 
drainage area of the Azerbaydzhan Scientific 
Research Institute of Hydraulic Engineering and 
Melioration (AzNIIGIM), which are salinized to 
various degrees with sodium sulfate, clearly 
showed that sodium sulfate precipitates in the 
form of mirabilite during winter leaching when 
air and water temperatures drop sharply. 


The Shirvan steppe represents the northern 
part of the Kura-Araks lowland in the 
Azerbaydzhan SSR. The area occupied by 
saline soil is more than 60% of the total land 
area. In order to study and obtain parameters 
for drainage, the Azerbaydzhan Scientific 
Research Institute of Hydraulic Engineering 
and Melioration began constructing an experi- 
mental drainage area of 1000 ha in the Shirvan 
steppe in 1955. Geomorphologically, the 
experimental drainage area is located at the 
periphery of the alluvial fan of the Geogchay 
River. The 5-m thick layer of soil consists 
primarily of clays and fine clay loams. Even 
the areas next to the drainage ditches, which 
usually consist of soils of a coarser texture, 
are composed of clays and fine clay loams from 
a depth of 40-60 cm down. It was established 
that the ground water over most of the experi- 
mental drainage area is located deeper than 3 m 
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in autumn and summer. It was also established 
on the basis of the analysis of 200 samples of 
ground water that it is mainly sulfate and highly 
mineralized. The salt content in the ground 
water varies from 10-75 g/l and more as solid 
residue. The amount of SO, and Nat is con- 
siderable: 32-39 g/1 (667-811 meq) of SO,- 
and 10-13 g/1 470-578 meq) of Nat. 


The soils of the area are salinized to various 
degrees. The amount of solid residue in water 
extracts from soil sometimes reaches 3%-5%, 
the amount of SO,* being 0. 69%-2. 31% (14, 5- 
48.1 meq) and that of Nat, 0.31%-0. 98% (13. 5- 
42.8 meq). 


Beginning in the fall of 1957 saline soils in 
the area were being leached against the back- 
ground of a deep horizontal drainage system. 
Without going into details af the investigations, 
we can indicate in general outlines that during 
the leaching of an area of 70 ha with weakly- 
and moderately-saline soils (solid residue of 
not more than 1%-1.5%), where mineralized 
ground water (10-25 g/1) is located at a 
shallow depth (1.5-2.5 m), sulfates did not 
precipitate in the form of mirabilite in the 
mineralized solution (in the leachate) during 
mild winters. 


During experimental leachings in the fall 
and winter of 1958-1959, when in the Kura- 
Araks lowland air temperatures dropped to -3° 
and water temperature also dropped during the 
period from December 1, 1958 to March 3, 
1959 (there was a snow cover for 10 days), 
different results were obtained. 


During the leaching of sulfate solonchaks in 
an area of 40 ha, where highly-mineralized 
ground water (50-75 g/l) was initially located 
at a great depth (4-5 m and more), mirabilite 
crystals were found to precipitate in great 
quantities in cracks in the slope of drainage 
ditches, at the surface of water in the ditches 
and in places where mineralized ground water 
appeared on the bottom of drainage ditches. 
One of the accumulations of crystals collected 
by us from the bottom of drainage ditch No. 8 
on February 3, 1959, occupied an area of f 
80x80 cm at a time when the mean air tempera’ 
ture was +3°C and+4°C. The height of the 
accumulation in its central part was 20 cm and 
its weight was 39 kg (the photograph represents 
its frontal cross-section). Mirabilite 


LEACHING FINE—TEXTURED SOILS 


Table 1 ' 


Solubility at room temperature of sodium sulfate 


crystal hydrates@ 


Formula 


NaeSO,- 10H2O0 
INa2SQ,- 7H:0 
Na2SO, rhombohedral 


a"Chemiker-Kalender." Vol. II, 1932. 


Note: Comma represents decimal point. 


rigs ie 


sipitates in this form around grifonchikov, 

, subaquatic 'fountains" of ground water at 
bottom of drainage ditches under the pres- 
> of leaching water filtering into the soil. 


‘he observations made by us in the Shirvan 
pe give us reason to conclude that the effect 
saching is greatly reduced under low air and 
sr temperatures, because of the precipitation 
irabilite from the soil solution during the 
nage of highly saline soils and solonchaks 

n soil and water salinization is of the sodium 
ate type. A very important practical con- 
ion may be drawn from this: that when 
nization is of the sulfate type (mirabilite), 
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AC 


- Accumulation of mirabilite crystals. 


Grams of water- : 
free substance in : 
100 ¢ solution 


20 
20 
19 


16,4 
30,9, 
34,7 


soil and soil material are highly saline (3%-5% 
solid residue) and ground water is initially high- 
ly mineralized (50-75 g/l and more ),2 leach- 
ing must be done in spring dnd summer on the 
background of rice plantings. 


The conclusions of A. A. Kizilova are true 
only for the soils she investigated and are of 
no general significance, 


2When supplying leaching water at a rate of 3520 
m3 /ha to an 11 ha area symmetrically distributed 
between drains 7,8,9 (E = 200 m), drainage runoff 
formed in 3-m deep drainage ditches within 20 days. 


CONSTANT-ELECTRODE DEVICE FOR THE STUDY OF THE 
DYNAMICS OF OXIDATION-REDUCTION CONDITIONS IN SOILS 


P. M. NOVIKOV 


The determination of the oxidation-reduction 
potential (ORP) of soils is widely used. Even 
single measurements of the ORP in the genetic 
horizons in a freshly-cut trench often serve as 
interesting indicators of oxidation-reduction 
conditions. The study of the dynamics of ORP 
under permanent conditions gives very valuable 
information on the dynamics of the moisture and 
air regime of soil, as well as the direction and 
intensity of changes occuring in the soil profile, 
and allows deeper insight into individual aspects 
of the complex process of soil formation. 


For permanent field investigations of the 
dynamics of ORP* it is recommended that elec- 
trodes be vertically installed in the soil for the 
duration of observation by means of Tamm's 
auger. This method is simple and rapid, how- 
ever it has the following shortcomings: shallow 
depth for the insertion of the electrodes and the 
possible disturbance of the water and air regime 
of the soil at the electrodes. 


In this article we wish to describe our ex- 
perience with a constant-electrode device, which 
does not have the foregoing disadvantages. A 
40-cm deep horizontal cut is made in the wall of 
a freshly-dug trench (immediately a description 
of it is made and the samples are taken) with a 
special metal pin (Fig. la). A platinum elec- 
trode of the usual type is inserted into the cut to 
full depth. The wire from the electrode is 
brought out to the soil surface (its length at the 
surface must be about 1.5m). The presence of 
a contact between the platinum electrode and the 
soil is checked with a potentiometer. If there is 
no contact, the electrode is carefully pressed in- 
to the wall of the cut until contact is made. The 
contact between a calomel electrode and the soil 
is established by means of an agar-agar bridge. 
In order to do this a wide and short test tube 
(about 2 cm wide and 7-8 cm long) with saturated 
KCl solution is buried halfway in the ground, 
the calomel electrode and one end of the agar- 
agar bridge are inserted in the tube, while the 
other end of the bridge is lightly pressed into the 
soil near the tube. 


1Serdobol'skiy, I. P. 1954. Methods of determin- 
ing the pH and the oxidation-reduction potential dur- 
ing agrochemical investigations. Agrochemical 
methods of soil investigations. Instructions for field 
and laboratory investigations. Moscow. 


After all the electrodes are placed in the wall 
of the trench, the contact between the platinum 
electrode and the soil is checked again and the 
preliminary ORP is recorded. 


After the electrodes are placed and checked, 
the trench is slowly backfilled with soil layer by 


Fig. l.- Assembly of constant electrode. 


A - pin; B - platinum electrode; C - ex- 
ternal end of lead. 
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CONSTANT-ELECTRODE DEVICE 


rer, tamping each layer and taking care that 
» soil be in the same position as it was 
iginally. After backfilling, the ORP is 
asured. 


The electrodes are prepared beforehand. The 
tinum is fused into a thick-walled glass tube 
sh a conical end. Pure mercury is poured in- 
the tube (the mercury column must be 3-4 cm 
th) to make a contact between the platinum and 
» wire. The uninsulated and cleaned end of 

» wire (3-4 cm long) is inserted into the mer- 
ry to the end of the glass tube (to the free end 
platinum). The wire should be of such thick- 
ss that it is easily inserted into the glass 

fe. It is recommended that the wire be 
ckened with a fine silk or glass thread above 
» bare portion so that the mercury cannot spill 
-no matter in what position the electrode is 
e Fig. 1b). The length of the glass tube for 

» electrode is 40 cm and its diameter is 0.5 
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mm less than the diameter of the pin with which 
the horizontal cut for the insertion of the elec- 
trode is made. Such a difference between the 
diameters of the electrode and the pin assures 
the comparatively easy insertion of the electrode 
into the cut to its full depth. The wedge made by 
the pin in the soil rapidly closes over the tube 

of the electrode and fully cuts the flow of out- 
side air toward the platinum end of the electrode 
(we worked with a pin 9 mm in diameter and a 
glass tube 8.5 mm in diameter). The deep (40 cm) 
insertion of the electrode into the wall of the 
trench hinders the exchange of soil air with out- 
side air during the placement of the electrodes. 


The placement of constant electrodes into the 
wall of the trench, as described previously, does 
not disturb the natural moisture and air regime 
of the soil and allows study of the dynamics of 
oxidation-reduction conditions to considerable 
depths in the soil profile (up to 4mand more). 


NN 
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GENERAL RESULTS AND FUTURE OUTLOOK OF WORK OF THE 
V.V. DOKUCHAYEV SOIL INSTITUTE, ACADEMY 


OF SCIENCES, USSR’ 


I. V. TYURIN 


The scientific work of the Soil Institute of the 


Academy of Sciences of the USSR is directed 
mainly toward a thorough study of the soils of 
the USSR with a view toward their more ration- 
al utilization in the national economy and im- 
provement of their productivity. 


The scientific research work of the Institute 
is directed toward: 


I. The study and qualitative assessment of 
land resources of the USSR as a basis for their 
rational utilization in the national economy 
(genesis, classification and mapping of the 
soils of the USSR, agricultural soil zonation, 
and soil site quality). 


II. The development of scientific principles 
for increasing the productivity of soils (scien- 
tific basis of methods for creating soil condi- 
tions for high crop yield). 


Ill. The control of soil erosion and other 
unfavorable development. 


{V. The development and perfection of 
methods of soil research in conformity with the 
progress in basic and related sciences. 


In relation to the work conducted in the fore- 
going fields and the utilization of the results ob- 
tained, the Institute conducts experimental and 
theoretical studies, as well as generalized work 
with the view toward the further development of 
soil science. Taking into account the close 
connection between soil science and related 
branches of biological and geological-geograph- 
ical sciences, as well as between certain 
problems of soil science and chemistry and 
physics, the Institute always tries, when pos- 
sible, to conduct its investigations together 
with other institutes of the Academy of Sciences 
(by participating in complex expeditions and by 
setting up mixed brigades),2 


1 Reported at the extended meeting of the Bureau of 
the OBN (Department of Biological Sciences) on 
October 6, 1959. 


2 The results of studies on soil geography and ex- 
periments conducted by the Soil Institute were also 
reported at the general meeting of the Department of 
Biological Sciences in the Spring of 1959. The report 
was published in Izvestiya Akademii Nauk SSSR. 
Seriya biologicheskaya, No. 4, 1959. 
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I. Study and Qualitative Assessment of 
Land Resources of the USSR 


This section includes work on the classifica- 
tion, genesis, and mapping of the soils of the 
USSR, agricultural soil zonation, quantitative 
and qualitative assessment of the land re- 
sources of the USSR, and soil site quality. 


The most important work of this section is 
the compilation and publication of an official 
soil map of the Soviet Union on a scale of 1: 
1,000,000. This work is done at the order of 
the Council of Ministers of the USSR by the Soil 
Institute in collaboration with many soil scien- 
tists of numerous local institutions of the USSR. 
It can serve as an example of the most effective 
creative form of coordination of the work of the 
Institute and other institutions under the Acade- 
my of Sciences of the USSR and Union Repub- 
lics, as well as under other departments 
(Ministry of Agriculture, Ministry of Higher 
Education). 


Compilation of this official soil map is 
organically related to the development and per- 
fection of the general classification and sys- 
tematization of the soils of the USSR, which is 
conducted by the staff members of the Institute 
and is approved at the plenary meetings of the 
Special Intradepartmental Commission on Soil 
Systematization and Nomenclature at the Soil 
Institute. 


The compilation of the official soil map and 
the development of the general classification of 
the soils of the USSR are an important scien- 
tific generalization of soil geography and soil 
systematization. This work is also important 
from the organizational point of view for all 
regional investigations on soil cartography 
conducted in the USSR, including studies on the 
compilation of detailed soil maps for kolkhozes 
and sovkhozes. The general system of soil 
classification, developed by the Soil Institute, 
is used in all these studies. It is well known 
not only to soil specialists, but also to the ( 
agronomists of kolkhozes and sovkhozes. This 
fact was noted and acknowledged as a major 
practical achievement of the Soil Institute ina — 
report published by a group of American soil — 
scientists and soil-improvement specialists 
which visited the USSR in 1958. 


Fi ae ae 


The compilation and publication of the official 
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il map of the USSR is related to the general 
rk on soil cartography (for instance, com- 
ation of an educational soil map of the USSR 
1 neighboring countries on a scale of 1:4,000, 
), which was awarded a gold medal at the 
ernational Exposition in Bruxelles in 1958); 
expeditionary studies on soil geography in 
rious regions of the Soviet Union, especially 
its northern and eastern regions; to work on 
ricultural soil zonation and assessment of 

id resources and their utilization. In the 

ter work, the Institute keeps close contact 

h the State Planning Commission of the USSR 
1 with the Ministry of Agriculture. 


In addition to work on the soil geography of 

» USSR, the staff members of the Institute 
ider scientific and methodological assistance 
the conduct of joint research in people's 
nocracies (Chinese People's Republic, Al- 
tia, Bulgaria, Romania, Vietnam) and also 
Burma and Egypt. The work of the Institute 
the Chinese People's Republic has an es- 
cially large scope. 


At present, the Institute supervises the com- 
ation of an International soil map of Europe. 
connection with this, the Institute organized 
International working conference in June, 

99, at which the legend for the soil map of 
stern Europe was discussed. Preliminary 
rk is also being conducted for the compila- 
n of an International soil map of Asia. Both 
-work on the soil map of Europe and on that 
Asia are being conducted in preparation for 
‘International Congress of Soil Science to be 
d in the USA in 1960, and will serve as an 
imple of coordination and collaboration on an 
ernational scale. 


An important positive result of this work is 
establishment of business and friendly re- 
ions with foreign scientists and scientific 
titutions, and the mutual exchange and en- 
hment of ideas and methods. 


An important collective work carried out by 

Institute with the participation of staff mem- 
-s of other institutions was the publication of 

tructions on soil surveying. 


An important role in the solution of the 
blem of the further development of Soviet 
iculture will be played by detailed soil 
dies and the compilation of large-scale maps 
<olkhozes and sovkhozes, which will give the 
st complete and diversified qualitative and 
ntitative characterization of land reserves. 
<ing into account the considerable expansion 
his work in the near future, the Soil Insti- 
> has been engaged since 1956 in scientific 
| methodological studies on large-scale map- 
¢ and has established a special laboratory 
this purpose. This laboratory (headed by 
A. Liverovskiy) has worked out a method 
ising aerial photographs for detailed soil 
pping and methods of interpreting aerial 
tographs for various zones. The laboratory 
) solved a number of individual methodologi- 
problems related to the compilation of de- 
ed soil maps (most appropriate scales for 
1iled maps and cartograms, the relation- 
> between the contours of both, etc.). 


One group of staff members of the Institute 
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(under the leadership of S.S. Sobolev) has 
worked out a plan for a comparative evaluation 
scale for soils of the major natural and 
economic zones of the USSR, using the legend of 
the official soil map of the Soviet Union, which 
made it possible to bring all materials for 
various zones and regions to a single site quali- 
ty scale. To date, the Institute has worked out 
methodological instructions for developing site 
quality scales for individual oblast's, or 
natural-economic regions. These instructions 
have been approved by the Ministry of Agricul- 
ture and now serve as a basis for work in the 
field. To coordinate the foregoing work and 
allow an exchange of experience, the Institute, 
together with the All-Union Academy of Agri- 
cultural Sciences im. V.I. Lenin and the 
Ministry of Agriculture, called a special con- 
ference in December, 1959. 


II. Development of Scientific Principles 
for Increasing Soil Productivity 


The productivity of soil is increased by 
using various methods and measures which can 
be classified into four groups: 1) chemical; 

2) physical; 3) meliorative; and 4) biological. 
The work of the Institute on the scientific basis 
for methods of increasing the productivity of 
soils is related to all the listed groups, which 
are studied both individually for each group 
and in relation to each other. 


The work of the Institute proved the necessity 
and the high effectiveness of differentiating the 
fertilizers used according to the chemical 
properties of soils. 


Important results were obtained from studies 
on the use of radioactive isotopes, in particular 
for determining the total available phosphates 
in soils and the magnitude of the coefficient of 
utilization by plants of applied phosphates. This 
work made it necessary to reconsider radically 
the existing concepts on the phosphate regime 
of various soils of the Union. It was determined 
that it is possible to sharply decrease the amount 
of phosphate on soils "'overfertilized with 
phosphorus" in cotton-growing areas, use this 
phosphate to extend the area of fertilized soils, 
and thus increase the yield of cotton and other 
crops. 


Chemical investigations with the stable nitro- 

en isotope revealed the high nitrogen losses 
(10%-30% of the applied quantity) when using 
nitrogen fertilizers. The established facts of 
"phosphorus overfertilization" and nitrogen loss 
of soils require re-examination of the ratio be- 
tween nitrogen and phosphorus in the general 
manufacture of fertilizers and an increase of 
nitrogen fertilizers. 


Basically new principles of the utilization of 
nutrients by plant roots in salinized soil hori- 
zons were established, and the practical im- 
possibility of plants to assimilate nutrients 
from soil layers with a moisture content cor- 
responding to their wilting content was deter- 
mined. 


Studies on the natural radioactivity of plowed 
soils in the valleys of the European USSR showed 
that radioactivity was determined by the 
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presence of K,,, and, to a lesser degree, by 
uranium and thorium. Investigations on the in- 
fluence of Srg and Srg, emissions on the growth 
and development of agricultural plants showed 
that it was possible to regulate the intake of 
Sry and Srg, by plants by using potassium and 
other fertilizers. 


The agricultural laboratory compiled and 
published methodological instructions on the 
use of tagged atoms in chemical investigations; 
prepared the third edition of the instructions 
for agricultural investigations; and worked out 
a method of diagnosing the need of plants for 
fertilizers by analysis of plant sap. 


To date, work is being conducted on the 
"chemical characterization of soils in the 
USSR" with the collaboration of staff members 
of various peripheral organizations of the 
Academies of Sciences of Union Republics, 
branches of the Academy of Sciences, educa- 
tional organizations and scientific research 
institutes of the Ministry of Agriculture and the 
All-Union Academy of Agricultural Sciences 
im. V.1. Genin. 


The work of the agricultural laboratory is 
closely connected with the experimental work 
conducted by the laboratory of soil chemistry 
(under the leadership of V. A. Chernov) on the 
problems of the principles of the distribution 
and forms of certain microelements in soil and 
the nature of the acidity of sod-podzolic soils. 
A series of scientific articles has been pub- 
lished, which are devoted to the development 
and description of methods of determining 
certain microelements and include new data on 
the relation between the adsorption of hydrogen, 
aluminum, and magnesium in clay minerals. A 
staff member of the laboratory, D.N. Ivanov, 
designed an original flame photometer, which 
is now being mass-produced. 


Investigations on physical methods of in- 
creasing the productivity of soils were con- 
ducted by the soil physics and technology labora- 
tory, while these methods were also studied by 
other laboratories, such as soil biology, soil 
physics, and chemistry, and soil hydrology 
laboratories, in conjunction with meliorative 
measures. 


The soil physics and technology laboratory 
(under the supervision of N. A. Kachinskiy) 
studied the characteristics of the physical and 
technological properties of various soils and 
methods of investigating the regime of physical 
and physical-mechanical processes in soils. 
Among the achievements of the laboratory are: 
the determination of the concepts on the physical 
and mechanical properties of soil, necessary 
for a genetic and productivity characterization 
of soils; the elaboration and, partly, the re- 
introduction of the concepts of water capacity, 
differential porosity, hardness, stickiness, and 
the coefficient of internal and external friction; 
the study of the physical-mechanical and ther- 
mal properties of soil along its profile; the de- 
velopment of a new method of determining the 
specific resistance of soils during plowing ac- 
cording to the physical-mechanical character- 
istics of soil, which considerably facilitates 
the construction of cartograms of the specific 
resistance of soils during tillage, and the de- 
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sign of a number of instruments in conjunction 
with it. 


The possibility of increasing the upper limit 
of soil moisture, as an indicator of the ripe- 
ness of the soil with plowing rate, is worth 
mentioning again. The paper given on this 
subject by P. U. Bakhtin at the conference of 
the GDR (German Democratic Republic) drew 
great notice and lead to lively discussion. 


The soil biology laboratory of the Institute 
(headed by I. V. Tyurin) made experimental in- 
vestigations on the study of various methods of 
single deep tillage of sod podzolic clay loam 
soils. The investigations were made in field 
and small-plot tests during a period of 5-6 
years and were accompanied by evaluation of 
yield and the development of plant root systems, 
and by studies of the water and nutrient regimes, 
and of the composition and dynamics of micro- 
flora. The results obtained led to the following 
conclusions: 


1) deepening of the plowed layer (to more 
than 20-22 cm) by additional plowing and 
loosening of the podzolic A, horizon does not 
give positive results; 


2) a more effective method is that of a sin- 
gle meliorative plowing to a depth of 40-45 cm, 
whereby the existing plowed layer remains at 
the surface in almost its entirety and only 25%- 
30% of the material from the illuvial-podzolic 
A,B horizon is added to it. This is achieved by 
means of a special plow (modified trenching 
plow). When plowing in this manner, the 
hydrological and physical properties of soils 
and the water available to plants are increased 
for a prolonged period (not less than 5 years, 
the biogenic character of the soil is increased 
to a depth of 40 cm, and, as a result of all 
this, yield is increased by 17.4 centners/ha in 
conventional grain units in 5 years, which 
amounts to 18% of the mean yield for normal 
plowing to a depth of 20-22 cm. Increasing the 
depth of a single plowing to 60 cm using the 
trench method was not satisfactory. 


The papers presented by us at the Internation: 
al conference on soil tillage, organized by the 
Agricultural and Plant Growing Institute at 
Miincheberg (German Democratic Republic), on 
the results of comparative studies of methods 
of deep plowing were highly appreciated, and 
the results found confirmation in the work of 
this Institute on similar meliorative plowing on 
the coarse-textured (sandy loam and coarse 
clay loam) soils, characteristic of the eastern 
regions of the GDR, where crops often suffer 
from summer droughts, as in the Moscow re- 
gion. 


The problems of the physics and technology 
of soil, especially from the point of view of 
their productivity, are always closely related 
to problems of soil hydrology, i.e., hydrological 
and physical properties of soils, the dynamics 
and regime of soil moisture, and problems of ~ 
their regulation to secure moisture for plants. 
This aspect of the work is given special atten- 
tion by the Institute, which, by the way, was 
reflected in the organization of a special labora- 
tory of soil-hydrology established in 1951 (head, 
A.A. Rode). This laboratory studies the types 
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moisture regime in the soils of various 

1es, and successfully develops problems re- 

ed to the utilization and conservation of mois- 
‘e in the soils of arid regions. A large place 
devoted by the laboratory to the complex 

idy of contemporary processes in natural and 
claimed soils, as a basis for the develop- 

nt of rational methods of their reclamation. 


In addition to a great number of journal ar- 
les on the hydrology of soils, A. A. Rode 
plished a monograph on soil moisture, which, 
ether with his work on the types of moisture 
yime in soils, was awarded the V. V. Doku- 
ayev gold medal. Studies on moisture avail- 
le in the soils of newly reclaimed virgin land 
the Altay region are conducted by a group 
uded by S.I. Dolgov. Because of the re- 
mation of large new areas in arid regions, 
ere the availability of moisture to crops is 

» deciding factor, studies in this field are of 
sat importance. This is evidenced by the 
erest shown in them by local (provincial and 
tional) organizations (Altay region, Stalin- 
ud Region and others). 


The Institute also conducted studies on a 
entific basis for methods of improving soils, 
melioration. 


The principles of the problem of genesis and 
lioration of solonetzic soils, worked out by 
ademician K.K. Gedroyts, were developed 

1 elaborated. The laboratory of soil physics 
1 chemistry (headed by I. N. Antipov- 
ratayev) has determined the lower limits for 
onetz and solonetzic soils according to their 
tent in exchangeable sodium, which is of 

sat importance in the determination of the 
ount of gypsum necessary for the melioration 
solonetz. A new, biological method of 
liorating solonetz of the chestnut zone during 
igation was developed with the aid of field 
tions (Yershov and Arshan'-Zel'men), which 
yved to be satisfactory under conditions of 
duction. On the basis of the experience 

ned during production, the Ministry of Agri- 
ture, together with the Institute, worked out 
lan for Government instructions for the in- 
duction of this method into practical agri- 
ture. 


Work conducted by the laboratory of soil 
irology at the Dzhanybek Experimental Sta- 
1 led to the development of scientific prin- 
les for the agricultural (and silvicultural) 
lamation of soils in the solonetz complexes 
he Caspian lowland. These principles were 
‘cessfully used on a production scale by 
khozes (Pallas district, Stalingrad Region). 
aust be noted, that the solution of practical 
blems in the work of this laboratory and at 
d stations of the Institute is connected with 
development of scientific problems of soil 
rology, their salt and gaseous regimes, and 
blems of the genesis of soils in the solonetz 
aplex. 


Members of the laboratory of soil hydrology 
{. Skrynnikova), the biological and micro- 
logical laboratory (A, V. Rybalkina) and the 
| biology laboratory (B.N. Makarov) finished 
adard investigations on "Contemporary soil 
cesses in reclaimed peaty soils of a high ash 
tent.'' The investigations served as a basis 
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for characterizing the influence of meliorative 
and practical methods and the type of crops on 
the moisture, aeration, and nutritional regime 
and biochemical processes in the soils studied. 
Recommendations were made to increase the 
productivity of these soils. 


The laboratory on genesis and melioration 
of saline soils (headed by V. A. Kovda) made 
large-scale soil melioration studies in the 
Trans -Caucasus (Kura-Araks expedition), in 
Baraba, in Central Asia, and is now conducting 
similar investigations in the Volga-Akhtubinsk 
flood plain and in certain regions of the Chinese 
People's Republic. In the course of these im- 
portant studies (from the point of view of pro- 
duction), extensive and valuable material was 
collected, the analysis and generalization of 
which allowed certain conclusions to be made 
on geochemical problems of salt accumulation 
in soils, sub-soils and ground water, problems 
of the salt regime and the control of saliniza- 
tion of irrigated soils in Central Asia and the 
Trans-Caucasus, and also on the reclamation of 
saline and bog lands of Western Siberia, the 
Far East, northeastern China, and Sinkiang. 
On the basis of this work, a series of new prin- 
ciples in theoretical and practical melioration 
of saline and bog soils was established, which 
have a leading importance for production. It 
must be noted, in particular, that the labora- 
tory has paid great attention to the substantia- 
tion and affirmation of drainage, as an effec- 
tive means for desalinizing soils and purifying 
ground water. This point of view, which at one 
time was subject to sharp criticism from the 
dogmatic followers of the forage field system 
as a universal method for increasing soil fer- 
tility and controling salinization, is now widely 
adopted. This is reflected in the more numer- 
ous construction of drainage systems in the ir- 
rigated oases of Central Asia and the Trans- 
Caucasus. 


The scientific results of the long-term re- 
search of the Institute in the field of delta soil 
formation in arid zones have been analyzed. 
Large-scale hydrotechnical construction in the 
USSR has reflected on the natural conditions of 
the lower stretches of rivers. Now we can 
foresee how it is going to affect agricultural 
production in the deltas of the Aral-Caspian 
Basin. We know that the deltas of many rivers 
of the world were, so to speak, the cradle of 
irrigated agriculture. In this respect, a num- 
ber of countries of the Near East, China, India, 
etc., are interested in obtaining the results of 
studies made in this field. Two large mono- 
graphs were published on these problems: 
"Outlines of the nature and soils of China," by 
V.A. Kovda, and ''Soil formation and conditions 
for meliorative irrigation in deltas," by V.V. 
Yegorov. 


Work on biological methods of increasing the 
fertility of soils includes studies on ''The im- 
provement of the nitrogen balance in sod-pod- 
zolie soils'' by the soil biology laboratory of 
the Institute. This problem was included in the 
working program of the Institute 3 years ago and 
is being studied in small-plot experiments at the 
scientific-experimental farm "'Snigiri.'’ The 
experiment is designed to last 10 years in order 
to yield reliable results which would character - 
ize the importance of various methods (individu- 
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ally and in combination) to the state of the ni- 
trogen balance. However, the influence of in- 
dividual factors, such as various types of crops, 
is determined within shorter periods. The ex- 
periment is accompanied by detailed determina- 
tions of the magnitude and chemical composition 
of crops, studies on the dynamics of soil mois- 
ture, the inflow of bound nitrogen into the soil 
with atmospheric precipitation, its outflow with 
lysimetric waters, as well as special green- 
house and small-plot experiments on the role 

of the Azotobacter and application of various 
organic materials in the nitrogen balance of 
soils. In order to finish this review of the ex- 
perimental work of the Institute, we must dwell 
on the work of the laboratory of soil biochemis- 
try and microbiology and that of the laboratory 
of soil mineralogy. 


The main attention of the laboratory of soil 
biochemistry and microbiology is concentrated 
on the study of organic matter in soil, namely: 
a) on the comparative study of the nature and 
properties of humic matter in the major soils 
of the USSR; b) on the biochemical process of 
humus formation and the role of humic matter 
in plant physiology and biology; and c) on the 
study of the microflora of soils and decay pro- 
cesses of organic matter in peat-bog and 
flood-plain soils. 


Comparative studies on humic matter have 
been made for the major soil groups in the 
USSR. The laboratory uses the method of 
chemical investigation according to the scheme 
proposed by I. V. Tyurin for the study of the 
nature of humic matter, together with methods 
of optical, X-ray and luminescence analysis, 
and methods of infrared spectroscopy and 
chromatography (under the supervision of M. 
M. onohova in its comparative study of 
humic matter. 


On the basis of the experimental investiga- 
tions of the laboratory, the biochemical nature 
of the formation of humic matter under the in- 
fluence of microorganisms was defined. The 
laboratory also obtained promising results in 
the use of small amounts of humic matter for 
stimulating the development of plants and in- 
creasing crop yield. The laboratory takes part 
in the complex problem of soil structure by 
studying the role of humic matter in the forma- 
tion of the soil structure. 


An important result of the work of the la- 
boratory of soil biochemistry and microbiology 
is the publication in 1958 of the monograph 
"The microflora of soils in the European USSR" 
by A.V. Rybalkina and Ye. V. Kononenko. 


The work of the soil mineralogy laboratory 
(headed by N.I. Gorbunov) was directed in the 
past years toward the study of the mineral 
composition of soils with the objects of deter- 
mining the principles of the distribution and 
formation of secondary minerals in soils, of 
clarifying the influence of highly disperse min- 
erals on soil properties and fertility, and of 
perfecting methods of determining soil miner- 
als. The laboratory conducted these investiga - 
tions within the framework of various expedi- 
tions by the Institute in the USSR, as well as 
in other countries, which allowed the collection 
and analysis of vast materials and both interest- 
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ing scientific and practical generalizations. 


In the field of the methodological investiga- 
tions it was determined that diagnostic indices 
of clay minerals are not constant, depending on 
the degree of their dispersion and the composi- 
tion of adsorbed cations. In relation to this, 
the laboratory worked out recommendations for 
the determination of highly disperse minerals 
by thermal and X-ray methods. The laboratory 
learned the micromorphological method of soil 
study, which allows a more detailed identifica- 
tion of the difference in the genesis and charac- 
teristics of soils. 


II. Soil Erosion and Its Control 


The work in this field is conducted by the 
soil erosion laboratory (headed by S.S. Soboley. 


The laboratory studies the geographical dis- 
tribution of erosional processes and determines 
their causative factors. These studies are ac- 
companied by comparisons of soil erosion maps 
for individual parts of the USSR and for the en- 
tire Soviet Union. One such map of the USSR 
is now being prepared for printing. It allowed 
assessment of the eroded soils of the USSR. 


Studies have been conducted on the effect of 
erosion on crop yield of various soils and under 
various conditions of erosion, and a classifica- 
tion of eroded soils has been worked out. Six 
zonal systems of water and wind erosion con- 
trol have been developed, taking into account 
the results of the laboratory's own long-term 
diversified permanent investigations in various 
regions of the chernozem, forest-steppe and 
sod-podzolic zones. 


The laboratory prepared the project of the 
Instructions of the Council of Ministers of the 
USSR for soil erosion control measures in the 
USSR in agreement with the Ministry of Agri- 
culture of the USSR and the All-Union Academy 
of Agricultural Sciences im. Lenin. Let us not 
dwell on the work of the Institute on the develop- 
ment and perfection of methods of soil study and 
investigation. Some of this work has been 
mentioned earlier together with the main themes 
of the plan. 


That the work of Soviet soil scientists is of 
interest to people outside the USSR is evidenced 
by the translation abroad of a series of mono- 
graphs by the members of the Institute into 
foreign languages (the monograph “Organic mat- 
ter of soils''", by M.M. Kononova, published in 
the German Democratic Republic, ''Soil mois- 
ture'' by A. A. Rode, published in the German 
Democratic Republic, Chinese People's Repub- 
lic, Poland and Czechoslovakia; the monograph- 
ic works of V. A. Kovda, V. A. Chernov and 
other members of the Institute were also pub- 
lished in China). 


In closing let us touch on certain short- 
comings in the work of the Institute, which 
should be corrected and eliminated in the future 
In relation to this we must shortly discuss the 
problems of the future work of the Institute, 
taking into account its position as the main soil 
science institution in the system of the Academy 
of Sciences of the USSR and academies of the 


V.V. DOKUCHAYEV SOIL INSTITUTE 


1ion Republics. 


The V. V. Dokuchayev Soil Institute is re- 
onsible for the development of future scien- 
‘ic investigations in the field of soil science, 
vestigations which should pave new ways for 
e effective utilization of soil as the natural 
‘oductive force and the fundamental means of 
ricultural production. 


What should these investigations consist of; 
what directions should they develop? These 
iestions stood before the Soil Institute for the 
st 10 years, during which an intensive re- 
mstruction of the contents and tasks of its 
entific research activity took place. Now 
e main directions of further research work 
ay be considered as sufficiently defined. 


They consist first of all in the comprehensive 
id profound study of soils as natural forma- 
yns from the point of view of the future and 
ssibilities of their productive exploitation in 
mformity with the modern level of basic and 
lated sciences. Second, in experimental in- 
stigations directed toward the exploration and 
velopment of ways to modify natural soils in 
der to increase their productivity. Third, 
pending on the particular soil properties and 
e requirements of crops, in the determination 
the optimum regimes of soil processes, as 
gulated by agronomic and other means, for 
taining constantly high and increasing crop 
elds. 


Briefly we may say that our main tasks are 
e study and modification of soils for the needs 
the national economy. These tasks were al- 
the main tasks in the preceding period of 
tivity of the Institute. However, now we need 
raise the investigations in the previously- 
entioned directions to a new, qualitatively 
cher level, at which we must utilize our 
rces and possibilities more rationally and 
lly and use new means to accomplish our 
sks. From this point of view let us point to 
rtain essential shortcomings in our work, 
ich have become apparent. 


1. As was mentioned before, the Institute 
ecessfully conducted work in the first direc- 
n—the study of soils as natural formations — 
neralized the material collected and investi- 
ted new regions, especially in the eastern part 
the country and in other countries. However, 
> widening of the area and scope of investi- 
tions was not accompanied by a sufficiently 
ofound and varied study of newly discovered 
yes of soil formations. Predominantly 
indard methods of analysis were used for 
sir characterization, which cannot be con- 
lered sufficient even for well-known soils 
d which often are not able to characterize the 
sential features of unusual soils in new, 
tle -known regions. 


The insufficient corraboration of studies on 
il geography with experimental investigations 
the laboratories of the Institute cannot but 
flect on the development of the problem of the 
nesis of soil groups and weaken the foundation 
>the further development of the classifica- 

n and systematization of soils, since in order 
- this development to be successful it is im- 
rative that data be available on all character - 
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istics of the composition and properties of soils 
belonging to various taxonomic categories. Un- 
fortunately we do not have such data because up 
to now the Institute did not have the possibility 
of organizing systematic, complex work for this 
purpose. Data obtained by the various labora- 
tories in their field are often uncomparable be- 
cause they relate to different subjects. 


Thus the difficult task of reconstructing our 
research program and organization stands be- 
fore us. Such a program would require the 
united efforts of specialists in various fields to 
carry out the complex work of a comprehensive 
study of soils of various taxonomic categories 
and the clarification of the principles of their 
genesis and area distribution in relation to the 
continuous improvement of the classification 
and systematization of soils. 


2. In addition to creating a complex of 
studies within the Institute, we must strive to- q 
ward combining soil investigations with in- 1 
vestigations of natural conditions of soil forma- 
tion, i.e., geomorphological (and geological), 
climatological, geobotanical (and geozoological), 
hydrogeological; etc. Up to now these studies 
were not always properly combined. 


3. In the second endeavor—modification of i 
soils with the view toward creating conditions i 
for higher soil productivity, the Institute was 
very successful (on the problem of the use of 
fertilizers and the development of new methods 
of soil tillage and melioration). However, a 
series of problems is not being studied as en- 
ergetically as would be desirable and not al- i 
ways with the necessary complexity and scope. 


The future tasks in this field, besides the | 
elimination of the mentioned shortcomings, | 
must include more profound studies of the 
theoretical principles of various methods and . 
ways of influencing soil for increasing its pro- 
ductivity and the wider development of experi- 
mental investigations using the newest scien- | 
tific and technical facilities. In relation to this . 
it is necessary to achieve collaboration with the 
representatives of the basic sciences (physics, 
chemistry) and related branches (microbiology, 
plant physiology, biochemistry, etc.). In ad- 
dition, it is imperative to strengthen and devel- 
op the existing scientific and experimental fa- 
cilities of the Institute and organize new ones. 


The following conclusions can be made from 
the foregoing. The V.V. Dokuchayev Soil In- 
stitute, being part of the system of the Academy 
of Sciences, grew to be the largest scientific 
center of soil science today. It was high 
authority in the USSR and is acknowledged in- 
ternationally. It achieved great success in its 
knowledge of native soils and in the solution of 
problems related to the rational utilization and 
increase of the productivity of soils. We can 
clearly see our future problems, the solution 
of which requires all our efforts, and consider 
the shortcomings of the past, the elimination of 
which requires serious consideration. 


All the experience gained makes us feel that 
the Institute, which has at its disposition great 
creative forces, will in the near future, reacha 
higher level of scientific investigation and 
achieve new successes in the knowledge of 
soils and their utilization and modification for 
the good of our country. 
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$15.00 per year, individuals and indus- $2.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $3.00 each, single copies 


$11.00 per year, AIBS members and all 
other libraries 


MICROBIOLOGY e MIKROBIOLOGIYA 
6 issues per year. First issues published: 1957, Vol. 26, Nos. 1-6. Current issues pub- 
lished: 1960, Vol. 29, Nos. 1-6. 
Subscriptions: 
$20.00 per year, individuals and indus- $2.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $4.00 each, single copies 
$15.00 per year, AIBS members and all 


other libraries 


SOViET SOIL SCIENCE e POCHVOVEDENIYE 


A eeeuee per year. First issues published: 1958. Current issues published: Jan.-Dec., 


Subseriptions: 
$40.00 per year, individuals and indus- $3.00 additional to each price, forei 
trial libraries (U.S.A: & Canada) $4.50 each, single copices e, foreign 


$20.00 per year, AIBS members and all 
other libraries 
ENTOMOLOGICAL REVIEW 


ENTOMOLOGICHESKOYE OBOZRENIYE 


aie res year. First issues published: 1958. Current issues published: 1960, Vol. 39, 
os. 1-4. 


Subscriptions: 
$25.00 per year, individuals and indus- $3.00 additional to each pri fords 
trial libraries (U.S.A. & Canada) $7.50 each, single Sonica oreign 


$12.00 per year, AIBS members and all 


other libraries 

Order from: ; 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D.C. 


